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I.  INTRODUCTION 


BACKGROUMD-' 

During  FY  1975,  a Test  Definition  and  Feasibility  Study  for  a joint 
Logistics-Over-The-Shore  (LOTS)  operational  test  was  accomplished  by  ORI  under 
contract  to  the  Deputy  Director  of  Defense  Research  & Engineering  (Test  and 
Evaluation)  (DDR&E  T&E).i/  The  purpose  of  the  study  was  vo  define  a joint  test 
program  concerning  the  ability  of  the  services  to  conduct  LOTS  operations  and 
the  means  to  accomplish  it.  One  of  the  study  tasks  was  to  identify  any  essential 
preliminary  tests  of  equipment  or  procedures  to  be  carried  out  before  the  main 
test  conditions  were  fixed.  Section  V of  the  ORI  study  identified,  in  general 
terms,  several  individual  pretests  considered  necessary  to  verify  main  test  con- 
cepts and  to  minimize  the  risks  of  major  interruptions  or  delays.  Following 
completion  of  the  Test  Definition  study,  the  DDR&E  (T&E)  has  indicated  his  in- 
tention to  conduct  the  joint  test  program  under  its  general  guidelines  and 
tasked  ORI  to  develop  the  pretest  design  and  perform  other  project  support  func- 
tions related  to  test  monitorship.^' 

PURPOSE 


In  order  to  verify  the  feasibility  and  assure  the  continuity  of  an 
operational  test  in  which  succeeding  activities  are  largely  dependent  on  the 
successful  accomplishment  of  major  preceding  events,  it  is  desirable  to  conduct 
a series  of  preliminary  tests.  Certain  LOTS  operations  are  relatively  routine 
and  do  not  require  formal  pretesting  (such  as  the  handling  of  conventional  break- 
bulk  cargo).  Other  LOTS  techniques  and  concepts  have  been  physically  demonstrated 


-'^Operations  Research,  Inc.,  Feasibility  and  Definition  of  a Uoin*  'ogistics- 
Over-The-Shore  (LOTS)  Operational  Test,  ORI  TR  No.  9l3,  SO  April  ly/S. 

-^Office  of  the  Deputy  Director,  Defense  Research  & Engineering,  Conduct  of 
Joint  Operational  Test  of  Logistics-Over-The-Shore  (LOTS)  Capabilities, 
ODDR&E  Memorandum,  25  June  1975. 
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under  certain  controlled  conditions  and  pretest  requirements  are  limited  (such 
as  crane-on-deck  and  crane-on-platform  operations).  However,  LOTS  system  de- 
ployment by  merchant  ships  is  one  key  area  where  only  very  limited  data  is 
available.  The  introduction  of  new  ship-types  and  newer  and  heavier  LOTS  system 
equipment  has  contributed  to  the  data  voids  in  the  critical  area  of  deployment 
capability.  The  pretest  approach  which  follows  is  primarily  concerned  with  the 
deployment  phase  of  the  joint  LOTS  test.  Certain  other  areas  relating  to  cargo 
discharge  and  distribution  are  included  but  in  less  detail. 

SCOPE 


This  report  deals  with  the  pretest  design  task  only,  and  emphasizes 
those  pretests  involving  ship  load  and  off-load  evaluations.  An  appendix  cover- 
ing pretest  of  the  LOTS  application  of  the  Standard  Port  System  will  be  published 
at  a later  date.  The  report  is  provided  to  guide  detailed  operational  test  plan- 
ning, particularly  as  it  relates  to  the  acquisition  and  scheduling  of  the  longer 
lead  time  test  equipment,  ship  charters,  and  other  arrangements.  It  provides  test 
target  schedules,  initial  ship-equipment  match-up  for  testing,  an  outline  scenario 
of  the  ship  load^ff-load  test  events,  procedures  for  test  conduct,  and  the  pre- 
test measures  of  effectiveness. 
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II.  SUMMARY 


OVERALL  OBJECTIVES 

The  purpose  of  the  joint  LOTS  test  program,  concerning  the  ability  of 
the  services  to  conduct  Logistics-Over-The-Shore  operations,  is  to  provide 
meaningful  information  that  can  be  used  by  the  services  to: 

t Alter  or  confirm  established  equipment  requirements, 
operational  techniques,  and  planning  factors. 

• Determine  the  best  force  structure  for  most  efficient 
use  of  manpower. 

From  a systems  viewpoint,  meaningful  test  and  evaluation  of  LOTS  capa- 
bilities must  include  more  than  merely  discharging  cargo  from  ships  in  an  off- 
shore environment.  As  a minimum,  it  must  also  address  the  deployment  and  estab- 
lishment of  LOTS  systems  elements  in  the  operating  area  and  the  interface  of  the 
LOTS  system  with  the  supply  distribution  system  ashore. 

PRETEST  OBJECTIVES  AND  APPROACH 

As  indicated  in  the  LOTS  Test  Definition  Study,  the  increased  size 
and  weight  of  LOTS  container  handling  and  transportation  equipment  may  signifi- 
cantly limit  the  type  of  commercial  ships  capable  of  sealifting  these  components 
and  discharging  them  at  a marginal  port  facility  or  off-shore.  Also,  most  of 
the  newer  merchant  type  ships  have  never  been  operationally  tested  in  a deploy- 
ment mode. 


The  basic  LOTS  pretest  objectives  relate  primarily  to  the  deployment 
phase  of  the  evaluation.  They  are  intended  to  verify,  by  physical  demonstration, 
the  capability  to  load  and  off-load,  in-port  and  off-shore,  ships  representative 
of  the  basic  types  specified  in  the  test  definition  study.  Loads  will  consist 
of  selected,  heavy,  outsized,  mission-essential  LOTS  system  equipment.  The  ship 
and  equipment  match-up  for  pretesting  is  reflected  in  Figure  1. 
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It  is  not  the  purpose  of  this  phase  of  field  pretesting  to  attempt  a 
physical  validation  of  a ship's  total  capacity,  to  optimize  LOTS  system  deploy- 
ment loads,  to  achieve  any  requisite  degree  of  unit  or  system  integrity-^',  or 
to  ascertain  the  total  capability  of  current  sealift  assets  to  deploy  system 
equipment.  All  these  areas  will  be  addressed  in  the  overall  LOTS  deployment 
evaluation  which  will  be  conducted  subsequently. 

The  type  test  loads  for  each  ship  are  derived  from  a combination  of 
considerations  which  include: 

• Inclusion  of  one  of  each  major  LOTS  system  components 
which  appears  technically  feasible  for  deployment  by 
each  of  the  basic  ship  types  for  testing.—' 

• Availability  (in  terms  of  both  time  and  quantity)  of 
the  LOTS  system  components  for  load/off-load  tests. 

• Avoidance  of  test  lifts  of  items  which  appear  clearly 
within  the  capability  of  the  ship  type  involved  unless 
required  to  verify  some  aspect  of  load  interface  or 
assist  in  off-shore  ship-to-shore  movement  and  beach 
operations  (e.g.,  20-ton  rough  terrain  crane  and  dozer). 

• Holding  ship-use  portion  of  pretest  to  a reasonable 
minimum.  The  high  cost  of  ship  charters  dictates  some 
compromise  of  maximum  desired  test  duration  versus 
minimum  required  test  events.  All  ship  pretests 
envision  a dedicated-use  vessel,  however,  it  is  recog- 
nized that  types  not  available  in  the  MSC  controlled 
fleet  may  be  available  only  in  a concurrent-use  status. - 

• Minimum  modification  of  ship  and  test  load  equipment 
configurations.  Emphasis  is  on  test  match-up  in  an 
"as  is"  configuration,  although  certain  adapters  (e.g., 
lift  beams,  special  slings,  cargo  flats,  and  load 
spreaders)  as  well  as  modified  techniques  (e.g.,  side 
lifts,  overhanging  loads)  may  be  required.  In  some 
instances,  critical  mission  essential  equipment  can 
only  be  lifted  by  certain  type  ships  after  disassembly. 

In  other  instances,  some  minor  dimensional  reduction 
will  be  required  without  major  component  disassembly. 


-“^System  integrity  is,  however,  a desirable  goal  even  in  pretesting,  and  to  the 
extent  that  other  considerations  in  test  design  would  permit,  it  has  been  pro 
vided  for.  (Although  not  pursued  as  an  objective  initially,  a "bonus"  effect 
may  be  realized  in  the  sense  that  each  pretest  ship  "load"  will  include  a nuc 
leus  LOTS  "system"-  i .e. , ship  off-load  capability,  ship-to-shore  capability 
and  beach  discharge  capability.) 

2/a  few  of  the  lifts  which  appear  to  be  feasible  from  a preliminary  analysis 
require  more  detailed  engineering  evaluation  to  set  parameters. 

^Limited  pretest  events  may  be  undertaken  during  a time  when  the  ship  is  still 
engaged  in  commercial  operations. 
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PRETEST  DESCRIPTION 

As  indicated  in  Figure  1 the  ship-related  pretests  are  a series  of 
individual  subtests  involving  the  in-port  loading  of  one  of  each  of  the  com- 
patible extra  heavy  and  outsized  items  of  mission-essential  LOTS  system  equip- 
ment aboard  each  of  four  basic  merchant  ship  types.  Following  the  on-load 
phase  and  recording  of  test  data,  each  pretest  ship  will  deploy  to  a nearby 
anchorage  in  moderate  off-shore  water  where  test  loads  will  be  discharged  using 
organic  ships  gear  or  auxiliary  cranes,  as  appropriate.  For  certain  selected 
LOTS  system  equipment,  (e.g.,  beach  cranes),  that  require  disassembly  and  incre- 
mental loading,  at  least  one  ship  pretest  will  include  its  ship-to-shore  movement, 
reassembly,  and  demonstration  of  its  operational  status.  Container  handling  eval- 
uations may  be  integrated  with  appropriate  ship  subtest  providing  that  deployment 
test  objectives  are  not  jeopardized  or  additional  ship  charter  costs  incurred. 

The  five  primary  ship  subtests  are  to  be  conducted  in  the  Hampton  Roads 
Virginia  area  (Ft.  Eustis  - Ft.  Story  complex)  during  the  period  March  - September 
1976.  The  duration  of  the  five  subtests  will  range  from  two  to  five  days  each 
and  a* total  of  approximately  17  ship  charter  days  will  be  required  for  their  con- 
duct.- 


Pretest  concepts  are  optimized  in  that  they  envision  the  dedicated  use 
of  MSC  nucleus  or  controlled  fleet  vessels,  or  commercially  chartered  ships  for 
one  continuous  test  period.  Due  to  the  fact  that  ships  in  the  latter  category 
may  only  be  available  for  more  limited  periods  or  available  concurrently  with 
normal  commercial  operations,  certain  pretests  may  have  to  be  conducted  on  an 
incremental  basis. 1/ 

Although  not  specified  in  detail,  shoreside  (non-ship)  preparatory 
engineering  checks  are  recommended  prior  to  certain  ship  pretests.  These  include 
dummy  loading  of  cranes  at  pretest  lift  weights  and  operational  radii,  trial  load- 
ing of  crane  components  into  landing  craft  and  subsequent  water  movement,  crane 
disassembly  and  assembly,  etc.  It  is  anticipated  that  some  of  the  pretest  checks 
will  be  accommodated  as  part  of  the  terminal  service  company  (container)  training 
program. 

MEASURES  OF  EFFECTIVENESS 

As  indicated  in  the  LOTS  test  definition  study,  one  of  the  three  overall 
measures  of  effectiveness  identified  for  the  LOTS  main  test  was  System  Deployment 
Response  Time.  This  is  a comprehensive  measure  which  must  be  calculated.  In 
addHion  to  the  data  acquired  in  the  field  pretests,  it  must  also  Include  data  that 
is  not  test-generated,  such  as  total  merchant  ship  capabilities  and  availability. 


— ^The  LASH  subtests  will  be  combined  with  service  evaluations  extending  the 
overall  duration  to  seven  days. 

5/ 

-Dedicated  use  is  considered  relatively  assured  for  conventional  heavy-lift 
breakbulk  ships  and  RO/RO  ship  (alternate).  Forecast  for  availability  of 
dedicated  SEABEE  is  also  favorable.  Incremental  testing,  'f  required,  will 
probably  involve  the  LASH  and  containership. 
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as  well  as  overall  deployment  requirements  and  ship  arrival  schedules  in  the 
objective  area.  Thus  the  measures  for  the  pretest  will  be  inclusive  to  the 
overall  measures,  and  an  essential  part  of  their  ultimate  composition.  The 
fundamental  pretest  measure  of  the  ship-related  experiments  will  be  success 
or  failure  in  accomplishing  the  load/off-load  events  summarized  in  Figure  2. 

To  expand  the  scope  of  what  is  essentially  a "go/no-go"  evaluation,  other  re- 
lated measures  of  factors  that  can  serve  as  a basis  for  extrapolation  will  in- 
clude: 

• Time  required  to  load/off-load  each  test  item^^ 

• Material  and  manpower  requirements  to  accomplish  each 
test  load/off-load 

• Operational  conditions  and  environmental  parameters 
under  which  pretest  events  are  conducted 

• Mechanical  stresses  on  test  equipment  and  gear  (to 
ascertain  potential  risks/operational  limits). 

DATA  COLLECTION 

The  scope  and  nature  of  the  ship  pretests,  and  the  fact  that  demon- 
stration/verification of  feasibility  implies  essentially  a non-nume> ical  result,  . 
will  limit  the  data  collection  and  processing  task  during  this  phase  of  the  LOTS 
test  program.  Functional  test  measurements  will  not  generally  involve  repetitive 
events  or  the  requirement  to  process  a large  volume  of  measurements. 

Unlike  the  main  test,  the  nature  of  the  pretest  will  involve  a signifi- 
cant element  of  qualitative  measurement.  Consequently,  the  technical  experience 
and  judgment  of  data  collection  personnel  should  be  a major  consideration  in  their 
selection. 

It  is  anticipated  that  most  pretest  data  will  be  manually  recorded  and 
processed.  Detailed  photographic  coverage  will  be  used  to  supplement  and  docu- 
ment test  results.  Instrumentation  recorders  will  be  used  to  record  mechanical 
stress  measurements  and  environmental  data  on  test  conditions. 

PRETEST  SCHEDULE 

Figure  3 is  a target  schedule  for  the  conduct  of  the  ship-equipment 
pretest  described  in  this  report  and  selected  service  tests  that  are  related 
to  the  current  LOTS  program.  The  schedule  should  be  considered  tentative  inso- 
far as  it  is  based  on  receipt  of  major  new  LOTS  system  equipment  in  accordance 
with  current  delivery  forecasts  and  assumes  the  timely  availability  of  ships 
for  testing  on  a dedicated-use  basis. 

^Where  a ship  pretest  description  also  provides  for  the  movement  ashore  and 
reassembly  of  LOTS  system  equipment  measurements,  these  events  should  be 
included  in  "off-load." 
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FIGURE  3,  PRETEST  SCHEDULE 
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Other  major  factors  considered  in  schedule  development  were:  j 

1 

• Approximately  two  month  "shake-down"  and  shoreside  i 

checkouts  after  delivery  of  LOTS  cranes  prior  to 

first  pretest 

• Sequencing  conventional  breakbulk  ship  first,  based 
on  its  potential  importance  in  a LOTS  deployment  role 
and  the  level  of  experience  with  this  ship  type 

• Scheduling  the  SEABEE  LOTS  pretest  to  a programmed  ship- 
yard lay-up  of  the  vessel  in  the  Hampton  Roads  area 

• Targeting  the  LASH  test  to  coincide  with  the  SOLID  SHIELD  ^ 

76  joint  exercise  with  the  objective  of  integrating  LOTS  1 

pretest  objectives  and  service  objectives 

• Deferring  the  containership  pretest  to  allow  more  time 
for  operator  training  and  experience  in  crane  operation 

• Deferring  pretest  of  the  heavy-lift  breakbulk  ship  (which 
has  the  most  clearly  demonstrated  LOTS  deployment  capa- 
bility) in  the  event  resource  constraints  militate  against 
its  use  prior  to  the  main  test. 

The  target  schedule  provides  for  major  pretest  completion  by  the  end 
of  the  FY  1976-7T  period  and  is  the  basis  for  test  resource  estimates.  Any 
major  pretest  rescheduling  will  have  to  take  into  account  differing  climatic 
and  other  environmental  factors. 
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MEASURES  OF  EFFECTIVENESS  FOR  PRETEST  OPERATIONS 


QUALIFIED  MEASURES  SUITABLE  FOR  PRETESTS 

Overall  objectives  of  the  series  of  tests-  pretests  and  main  tests 
together-  include  a determination  of  the  capabilities  to  deploy  LOTS  equip- 
ment to  an  operational  site  and  establish  a cargo  discharge  and  distribution 
system.  Overall  measures  of  effectiveness  appropriate  to  this  objective  are: 

a.  The  demonstration  of  capability  (or  deficiencies 
in  such  capability)  to  deploy  each  of  the  major 
elements  that  work  together  as  an  effective  system 
during  the  LOTS  cargo  discharge  and  throughput 
operations. 

b.  The  overall  time  for  deployment:  the  total  time 
required  to  make  the  ships  available;  load  them 
with  the  appropriate  LOTS  system  equipment;  carry 
this  equipment  to  the  objective  area;  unload  it; 
make  it  ready  for  use;  and  integrate  it  into  a 
functioning  cargo-moving  system. 

c.  Measures  of  resource  use,  such  as  manpower  and 
material  requirements,  fabrications,  modifications 
in  the  operation,  and  the  like. 

The  pretests  described  in  this  document  address  only  segments  of  the 
overall  deployment  capabilities.  Hence  limited  or  qualified  measures  of  effective- 
ness are  appropriate  for  use  in  the  pretests.  The  most  important  of  these  qualified 
measures  are  derived  from  the  more  inclusive  ones  outlined  above.  They  are  simply: 

• The  physical  demonstration  of  capability  to  accomplish 
specific  segments  of  the  whole  deployment  operation 

• The  time  required  to  accomplish  each  segment 
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• Assessment  of  the  condition  of  equipment  after 
each  segment 

• The  man-hours  used  at  various  skill  levels,  expendi- 
tures of  material  for  loading  and  securing  equipment, 
etc. 

The  demonstration  of  capability. implies  a non-numerical  result,  , and 
this  will  generally  be  the  most  important  outcome  for  each  pretest.—  Some 
numerical  limits  however  may  be  derived  from  such  tests.  For  example,  a test 
event  that  was  "successful"  in  sea-state  two  could  be  said  to  be  possible  for 
sea-states  two  or  lower,  or  a test  lift  successfully  made  using  a ship's  70- 
ton  boom  could  be  said  to  be  applicable  for  booms  with  greater  lift  capabil ities- 
or  even  with  lesser  capabilities-  if  the  weight  of  the  load  is  clearly  within 
limits  of  the  smaller  boom. 

The  demonstration  of  capability  also  implies  that  the  test  "succeed" 
in  accomplishing  some  result  that  has  not  previously  been  shown  feasible,  or 
for  which  there  are  potential  obstacles.  A "success"  in  a demonstration  of 
capability  is  relative,  rather  than  absolute,  for  the  measure  of  success  depends 
on  how  difficult  the  task  attempted  is,  and  the  circumstances  that  surround  it. 
Weather  or  seaway  conditions,  for  example,  could  change  a relatively  simple  task 
into  a difficult  one,  or  vice  versa.  Note,  too,  that  a demonstration  of  capa- 
bility that  is  successful  in  the  sense  of  accomplishing  the  desired  result  may 
in  fact  have  required  the  use  of  specialized  techniques,  unusual  gear,  or  was 
inordinately  time  consuming,  so  that  in  the  overall  the  "successful"  pretest 
could  result  in  the  judgment  that  the  tested  concept  not  be  used  for  the  main 
test  or  has  limited  operational  value. 

A concept  central  to  the  demonstration  of  capability  is  that  each 
of  the  pretest  equipment-ship  combinations  has  one  or  more  problem  areas  that 
require  special  attention.  The  foreseen  problems,  such  as  small  clearances, 
close-to-capacity  weight,  special  sequencing  of  procedures,  use  of  specially 
made  slings,  cradles,  or  blocking  and  bracing,  and  the  like  constitute  the  basic 
reason  or  reasons  for  making  each  pretest.  These  need  to  be  analyzed  before 
each  pretest  and  after  it  has  been  completed.  The  analysis  is  intended  not  only 
to  permit  the  pretest  itself  to  go  forward,  but  to  be  useful  for  the  main  test  and 


-^For  some  tests,  success  in  a particular  event  or  endeavor  is  expressed  numer- 
ically as  a probability.  This  is  appropriate  when  important  factors  affecting 
the  result  vary  from  trial  to  trial.  Thus,  the  probability  of  success  in  hit- 
ting a target  with  a projectile  or  missile  may  be  affected  by  aiming  errors, 
variations  in  wind  conditions,  variabilities  in  propulsion,  and  the  like. 

When  measuring  or  controlling  such  factors  is  not  feasible,  their  effects  can 
be  taken  into  account  by  using  a probability  approach.  For  the  tests  discussed 
here,  probabilities  do  not  appear  appropriate  because  the  important  factors 
that  affect  capability,  such  as  clearances,  weights,  and  carrying  capabilities 
are  known  (or  at  least  knowable).  (It  is  necessary  to  make  the  tests  in  order 
to  guard  against  errors,  unforeseen  circumstances,  safety  hazards,  unrecorded 
changes,  etc.,  and  to  ensure  that  preparations  for  the  main  test  are  completed 
in  detail . ) 
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for  possible  future  operations.  (Note  that  a few  of  the  pretests  events  are 
not  necessarily  the  most  desirable  ways  to  accomplish  the  basic  tasks.  In 
contingencies  the  most  suitable  ship  types,  for  example,  may  not  be  immediately 
available.  Thus  some  of  the  tests  have  as  their  objective  providing  a necessary 
alternative  that  is  admittedly  less  desirable.)  The  analysis  should  be  made  in 
sufficient  detail  to  provide  guidance  for  a similar  operation  (for  example, 
aboard  a ship  of  the  same  type  but  different  design,  or  for  other  variations  of 
the  basic  problem).  Test  documentation  should  show  what  the  problem  is,  how 
in  fact  the  problem  is  solved  and  the  solution  proved  in  the  pretest,  and  what 
additional  practical  problems  are  encountered  during  the  actual  test.  In  the 
event  the  operation  falls  short  of  the  expected  results,  detailed  account  is 
required  of  what  the  circumstances  were  that  caused  the  shortfall.  This  account 
should  include  such  matters  as  the  factors  or  range  of  the  pertinent  variables 
within  which  the  operation  could  have  gone  forward. 

The  second  measure,  the  time  required  to  accomplish  specific  segments 
of  deployment  operations,  is  a numerical  measure.  Time  is  r^^latively  less 
important  as  a measure  than  is  the  demonstration  of  success  or  failure.  This 
is  because  the  segments  to  be  measured  will  be  accomplished  generally  in 
fractions  of  an  hour,  while  the  total  deployment  will  include  times  in  days 
for  acquiring  ships  and  for  sailing  to  the  objective  area.  The  relatively  short 
time  segments  that  will  be  measured  will  constitute  a small  fraction  of  the 
overall  deployment  time.  (This  is  not  to  say  that  the  events  under  test  should 
not  proceed  at  a realistic  tempo  and  be  accurately  timed.  Real  operations  normally 
are  under  a pressure  of  time,  and  the  LOTS  pretest  operations  mvst  make  effective 
use  of  the  limited  and  expensive  charter  time  of  the  ships  involved. )- 

The  man-hours,  skill  levels,  rigging  and  tools  needed,  and  material 
(like  lumber  expended  for  cradle  cribs,  cargo  dunnage  and  similar  uses)  are  to 
be  recorded  during  the  course  of  the  pretests.  Together  with  the  problem  des- 
cription and  its  solution  they  will  provide  comparative  information  for  the 
relative  resources  needed  to  accommodate  various  system  components. 

Measurements  to  be  Made  - Data  Required 

The  data  to  be  collected  during  the  tests  are  in  two  categories.  The 
first  includes  results  of  the  functional  measurements  that  are  associated  with 
the  loading  and  off-loading  of  LOTS  equipment  and  are  outlined  in  Table  1 below. 

The  second  is  a careful  record  of  the  conditions .under  which  the  functional  in- 
formation is  collected,  as  outlined  in  Table  2.-'  For  a functional  measurement  to 
be  useful,  the  conditions  for  which  it  applies  must  be  known.  Only  then  can  the 
implications  for  future  operations  be  assessed.  This  means  that  detailed  records 
must  be  kept  of: 
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- It  is  recognized  that  in  the  pretests  any  number  of  artificial  or  administra- 
tive time  delays  may  be  incurred  because  of  certain  peacetime  restrictions, 
safety  precautions,  test  procedures,  etc.  Speed  of  load/off-load  operations 
in  the  pretests  is  secondary  to  safety,  need  for  test  documentation  and  the 
like.  Careful  recording  will  permit  the  screening  out  of  such  delays  to  help 
predict  realistic  operational  time  requirements. 

-^The  tables  contain  certain  unavoidable  redundancies;  these  occur  as  a conse- 
quence of  the  format  selected  for  them. 


14 


I 

I 

I 

t 

i 

I 

1 


TABLE  1 


FUNCTIONAL  MEASUREMENTS  REQUIRED  FOR  PRETESTS 
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I'l  v(U  1 I t ll 

f.’.ins  t'f  f'l-.r  iH  imj 

lxa»t|U  s il  1'4‘i.  ids  lo  1 1-  Krpt 

SuCCt'S'lful 

of  tof.l  iOf-uont 

of  iiit'ivii)' 
im)  tt'*"!  '<'.1(1  iv.'iits 
lo  indutic: 

k'l'St'i’v.il  ii'i  , 1 1|’«*  1' ••a<;urv;  J si.'Ua 
1 'lOiogr.'i'hy , iff. 

(Sio  t‘U‘lo  for  list  of 

tost  conditions  and  environmental 
measures. ) 

1 1 Sii  ij'tiiHi  of  the  fi'ilr.il  pti  l'lf’i  s iiiitiiip.-lf.l  ,«ni!  :.rt, 
plus  r.irralivo  d«srri;tion  cf  Ihc  tent  events  in  Uc 
r.in  , riToritif.i-  nuoni  it«it  ivo  »bila  or  opo'.uii  g um-hiiins, 
clearances,  v.oights,  and  stressc-s.  (t.'ritten  or  dictated 
ohS( rvations . ) 

n.  Staging  of  lest 
load 

Observations  of  transfer 
psetliods,  etc. 

heeds  for  special  pi eparatioiis  if  any.  (e.g.,  special 
ramps  or  platfcnis  for  load  distribution  or  to  provide 
grou'id  clearance  for  cranes  loaded  into  landing  craft. 

^>— 

b.  Ship  preparaticn 
for  loads 

Check  of  clear  spnee  available 
for  enuiprent,  conuition  of 
loistiny  booiiis,  etc. 

for  heavy  loads,  sliit's  calculated  nvtacenter,  freoboird 
list  angle,  placen>ort  of  other  cargo,  holds  and  cargo 
booii.s  used. 

c.  Lood  preparation 

Gbservatior.s,  tape  measurenents 
of  state  of  cguip;j.trt  di.sassembly, 
folding,  provision  of  lifting  e>es, 
etc. 

Desci  ipMon  and  slctches  of  equiprert  configuration  (e.g., 
positions  for  cranes,  welding  of  lifting  eyes,  lowering 
of  vehicle  vinoshields,  etc.) 

J 

r 1 

«C.  " 

1 

d.  Rigging 

Sketches  and  observatiens  of  use 
of  special  bridles,  use  of  tag 
lines,  number  of  parts  in  lifting 
lines,  tape  reasure,  etc. 

Record  of  attcclir'enl  points,  placing  cf  fenders,  tag  line 
attach';ent  to  load,  snubbing  cleats  for  tag  lines,  posi- 
tion of  cradles,  sizes  of  lines  and  c^'Lles,  angles  tney 
make  v.'ilh  horizontal,  etc. 

‘ 

e.  Test  load  lift- 
ing and  posi- 
tioning aboard 
ship 

Observation  aiid  pliotography  of 
lift. 

Record  of  position  of  load  in  lighter  and  on  board  ship, 
clearances  for  tight  fits* 

t 

f.  Securing  of  load 

Observation,  photography, tape 
reasure 

Record  and  describe  positicn  of  loads  and  of  tie  downs, 
bracing,  or  other  fastenings. 

. J 

h » haJl 

g.  Sailing  phase 

Record  maximum  degree  of  rolling  or  pitching  if  sutstar- 
tial  enough  to  stress  securing  means.  Observe  actio?  of 
securing  ncans.  be  prepared  to  photograph  ary  deficiencies 
or  excessive  relative  novement. 

h.  Prepara tiers  for 
off-shore  dis- 
charge 

Observe  and  photograph  mooring 
arrangements,  ligfitcr  fenders, 
1 jghter  location,  etc. 

Pecerd  a.-ranyerents  for  mcoiirg,  ferderlng,  dunnage  and 
lead  spreading  devices  in  lighter.  Record  freeboard  of 
ship  and  position  of  lighter  along  length  of  ship  (at 
batch  ro.  2 etc. ) . 

1.  Test  liftiand 
position  in  1 ight 
er  (or  launch 
lighter) 

^^easure  distances  travelled, 
approximate  speeds  of  hoisting  or 
lowering,  and  relative  motions  of 
ship,  platforsi,  and  lighter  (see 
test  conditions  entries  in  separate 
tabic  below). 

Record  and  photograph  clearances,  effectiveness  of  fenders, 
etc.  (Note  for  this  phase  of  operation  relative  motion  of 
ship,  platform,  and  lighter  should  be  measured  and  re- 
corded when  sea  state  is  two  or  greater.  See  entries  on 
environment  In  separate  table.) 

j.  (for  cranes  only) 

l.ShIp-to-Short 

fi;ovof"ort 

Observe  position  of  lighter  from 
trlcrus  reasurements  aboard  ship. 

Fecrrd  positlor  cf  lighter  and  time  so  as  to  record  speed 
of  linht.er,  hntc  U.rcttle  settir"  arc!  rp.-s  if  avaiUnU. 

2. Craft  cischaryo 

IshC  n.easurcs  ana  levels. 

Frrord  beach  slope,  draft  of  lighter  fore  end  aft  at  beach 
tidi  levels,  hole  techniques  for  roving  dunnage,  etc. 

Note  any  n.ovemenl  of  lighter,  and  cVarance  pioMe'“S. 

3.fquipFi>^nt  rt- 
assen.bly 

Ulserve  and  pf.otograph  critical 
operations 

ki.-cord  moverert  of  crir'',  locaticr.s  of  boo'^s  »nd  coui.tcr- 
weights  tn  tc  a^sctblfd,  techniques  ised  for  assc-rbly, 
end  causes  for  ar>y  delays . Record  tire  and  manpower  as 
sop^rate  ortrios  below  in  this  ♦•able. 

Assesspiont  of 
condhjo'^jof 
ecjj^nt  r. 

seal  cihsrrvation 
of  possib't* 
or 

cause  of  disatsoi  bly, 
counterbalancing* 
etc. 

Cbservdtlor.s.  f’l.cto'jraply  if 
d^rage  occoi'S  or  if  cisassembly, 
special  foldu.q  of  co'^iporents  and 
the  like  arc  rocesrary.  Include 
r.ot  only  equlpront  toirg  deployed 
but  also  ship's  g a**. 

Record  iiccds  for  reassembly,  removing  of  special 
count ort al ances , cushioning  devices  and  the  like. 
Fcr  lighters,  record  time  reeded  to  start  engines, 
rccove  lift  gear  etc. 

Tinics  rythiircd  for 
specified  Llnirnts 

Pf'‘[  :f'J  ti’  ''S  for  im- 
fortant  Sf-g'-ents  of 
1n(iivid"Al  if.jd 

events  lis  ed  above 

Continuously  rutir.ifi'j  WiitChiS, 
SiiftoMy  ccordjouftd. 

Lose n;. Live  r:;tciii*l  i--  f'on  of  a detailed  lc_,,  to  it- 
elude  delays  and  leasors  for  then. 

Resoorer  R/ '•|wirrr(*nls 

df-rord/d  c.'''.e>  valiors 
r<f: 

S*:fn  Irvols 

'.Pill 

tr.iif.if.g  levrls 
I'f  t f »'i’  ar  f'  inil »- 

01  scrv.itinn 

f^cerc's  of  tt:»'r...i.if.n  ((bicvo  r .si  be  famlMar  with 
sHlls). 

Man-hf)iiP  s 

' i-  V rl  < ' t .',1  ' 

.•C'  0-  t ’ V 1 1 '• ) : iiirti- 

/ »-,  1 : s '*1  t • 

1 t'.h  and  Ol'S'  rv  'In. 

1 f ‘ i i»l  1 l » f COrdv  , 

tools  , t ridtf , « IC. 

I’ ' < ( f U ‘ 

! " 1 , - 1 Mil',,  '.f  1, 

1 r, 

! I'.ls  lied  '"If  !i  ■ • '] 

...  , . _ 

‘ If  I 1 • . • If 
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table  2 


MEASUREMENTS  OF  CONDITIONS  DURING  PRETESTS 
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PURPOSE  OF 

SUGGESTED  MEANS  OF 

PRETEST  TO 

iNFOmATION 

FACTORb  TO  Bl  HtASURU 

MEASURING  AND  RECORDING 

WHICH  MEASUREMENTS  APPLY 

1 As^e^vnent  of 

A.  Load  Limits  on  Lines  and  Structures 

h«2«rds.  risks, 
and  physical  1 io'- 
its  applying  to 

(1)  Stresses  in  primary  load-carrying 

Measurements  of  deflections,  strain  gages, 

Confined  to  selected  pretest  operations 

members  (such  as  cables,  booms,  pins 

or  line  tension  gages. 

that  involve  near-limit  1oads--ones,  for 

and  decks)  that  occur  as  a conse- 

exair^le,  that  are  on  the  order  of  BOt  or 

quence  of  test  loads,  with  inertial 

more  of  nominal  capacities. 

ircrements  attributable  to  motions 

test  loads  or 
induced  by  envi- 

induced  by  waves. 

roninent.  The 

(2)  Impact  stresses  occuring  during  move- 

Accellerometers  installed  on  equipment 

To  be  used  only  if  there  are  questions 

assest'nent  will 

ments  of  LOTS  systen  e-~uip^nt. 

or  in  lighters. 

of  adequacy  of  stressed  material  to 

generally  cofftpare 
measured  stresses 
with  designed 
load-carrying 

(3)  Angles  and  loads  that  are  close  to 
capsize  limits; 

withstand  impacts. 

capabilities, 

a.  for  ships  and  lighters  as  a con- 

Levels  or  ship  incl inometers , records  of 

To  be  used  when  substartia!  tipping 

using  appropriate 

sequence  of  applying  asyrmetrical 

load  applied,  and  tape-measure  records 

(i.e.,  more  than  about  4 degrees)  has 

factors  of  safety 

loads. 

of  asyimetry  of  loading.  Records  of 

been  calculated  beforehand. 

but  wilt  also 

ship  metacenlric  heights  from  informa- 

evaluate  more 

lion  to  be  supplied  by  ship's  master. 

Subjective 

b.  For  mobile  cranes . 

Weight  and  angle  scales  already  in- 

All  near-load  limit  tests  using  mobile 

stalled  ir  cranes.  Compariso''S  of 
actual  and  predicted  readings,  and  com- 
parison with  crane  permissable-load 
plates  are  important. 

cranes . 

B.  Incidental  Dangers  and  Risks 

Examples:  personnel  in  potential 

Written  or  dictated  records  by  Individ- 

AU  tests. 

danger  from  cables  that  may  part. 

uals  designated  to  have  safety  respon- 

or  from  being  between  moving 

sibi 1 ities. 

load  and  obstructions. 

2.  Assessments  of 

A.  Measures  of  Prinary  Environmental 

operational  lim- 
its  that  occur 
as  a consequence 

Conditions 

(1)  Wave  heights  and  periods. 

Wave  measuring  devices  or  recorders. 

All  tests  taking  place  outside  harbor. 

of  environnentd) 

(2)  Wind  velocity  & direction. 

Ship  anemoT'eters  & compass. 

All  tests. 

effects 

(3)  Visibility. 

Observations. 

All  tests. 

(A)  Precipitation,  temperature,  etc. 

Observations . 

All  tests. 

(5)  Tide  state,  current  direction, 

Observations  and  'ide  tables. 

All  tests  at  beaches. 

beach  slope,  etc. 

6.  Measures  of  Secondary  Conditions 

Caused  by  Environment 
(1)  Ship  and  craft  motion:  pitch  and 

Stop  watch,  ship  inclinometer  or  other 

All  tests  taking  place  outside  harbor. 

roll  angles  and  period. 

motion  recording  devices. 

(?)  Ship,  craft,  and  platfomi  rela- 

Motion  pictures  to  supplement  analyses 

Picture  taking  capability  to  be  pro- 

tive  motion. 

of  absolute  m-otion  records.  (Note: 

vided  for  all  tests  outside  harbor. 

pictures  not  intended  to  provide 

Actual  pictures  necessary  only  when  re- 

accurate  fl’easuren'ents  of  relative 

lative  notion  is  a definite  hindrance  to 

motion. ) 

operation. 

(3)  ^*omentary  stresses  in  mooring 

Tension  n-easuring  devices. 

Needed  only  for  tests  outside  harbor. 

lines,  etc.  caused  by  wave  action. 

Measurement  n.ay  be  restricted  to  tmies 
wher  se.i-slate  is  2 or  greater. Measure-  j 
ments  confined  to  piin<ary  lines  that 
will  be  highly  stressed,  including 
erdne  mai'  lifting  cable. 

C.  Effects  of  Primary  and  Secondary 
Tn  V i ronmen  t aT  TondTtTo'ns 

(1)  Slowdown  of  operations  caused  ty 

Observations  and  stopwatch tir-es  that  in 

All  tests  taking  place  outside  harbor 

need  to  take  wave  motions  into 

elude  readings  in  calm  ar 1 again  dur- 

together  with  tests  in  calm  water  where 

account,  to  mininii^e  iripacts,  or 

ing  sea-state  occurence.  Recording  of 

pertiner l . 

because  of  difficulties  in  making 

operating  difficulties  Such  as  caused 

lines  fast.  etc. 

by  roll  angles  during  spotting  of  lifts 
problems  in  mocring  lldh'frs  in  a sea- 
way, and  pendulation  forces. 

(2)  Stresses  resulting  fron  motions 

Stress  reasurer-cnis  in  crane  comp-one*  ts, 

Liniited  special  tests  cf  '■'Obilc  cranes 

caused  ty  waves. 

Such  as  crane  boor  or  crane  Cutriqge»s. 

in  nperatiors  on  Ceck  of  rolling  Ship, 
to  deterrine  wracking  ir  tcom  or  bOOr 
'itlirgs  when  lifting  lines  are  not 
vertical  because  of  sea  action 

(3)  Incidental  effects  such  as 

Recorded  observatlors. 

All  tests. 

special  care  reeded  when  pre- 
cipitation has  caused  slippery 

fooling,  or  frw”  poor  visitllity. 

i.  Data  for  use  in 

Sizes  of  hatch  openings,  clear 

Tape  reasurps,  weighing  scales,  etc. 

All  tests. 

applying  test 

spaces  on  decks,  sizes  lenders. 

Records  of  ship  freeboard,  draft,  and 

Inforniation  to 

weights  of  loads  and  of  gear,  num- 

locations  and  kinl  of  cargo  already  on 

other  ships  or 

ber  of  parts  in  line,  and  size 

decks  or  in  holds.  Supplenent  with  stil 

Situations  (also 

and  angles  of  lead  of  highly 

photonraphs  as  part  cf  tpctnical  record, 

to  check  actual 

stressed  lines. 

Special  care  In  recording  unusual  uses 

dimensions  with 

of  (i.,nnigp  pr  j»‘iSjal  angles  ••eqjired 

available  draw- 
ings, etc. ). 

to  'It  wd..*ir'pr*,  into  ccn'ined  Spaces. 
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Factors  permitting  assessment  of  hazards,  risks,  and 
physical  limits  for  equipment  and  gear.  Such  assess- 
ments consider  the  relationship  between  applied  loads 
or  forces  and  equipment  capabilities. 

Environmental  conditions  and  their  consequences.  These 
measurements  and  observations  include  primary  environ- 
mental conditions  such  as  wind  velocity,  sea  state,  and 
visibility;  the  differing  secondary  conditions  that  the 
primary  conditions  induce  in  different  ships  and  lighters 
(such  as  motions  and  heel  angles);  and  the  effects  of 
primary  and  secondary  conditions  on  the  operations. 

The  physical  circumstances  inherent  in  the  loading  and 
discharge  operations,  such  as  clearances,  weights,  ship 
freeboard,  ship  list  angles,  etc. 


Use  of  Available  Measuring  Facilities 

The  costs  of  measurements  and  observations  outlined  in  the  tables 
should  be  kept  to  a minimum  by  using  available  capabilities.  For  example, 
cranes  ordinarily  have  load  indicating  devices;  ships  have  anemometers  and 
inclinometers  and  other  instruments;  and  government  agencies  can  provide 
recordings  of  weather,  tide,  and  wave  conditions  that  may  well  be  in  sufficient 
detail  for  pretest  purposes.  Government-owned  and  operated  instrumentation 
devices  should  be  used  where  they  are  cost  favorable. 

Replication  of  Measurements 

The  basic  information  sought  from  a pretest  is  generally  to  verify 
that  the  specific  operation  being  tried  can  be  done  within  reasonable  limits 
of  time  and  resources.  Once  the  capability  is  shown,  a repeat  under  the  same 
circumstances  would  have  little  value  for  verification  purposes.  (Repeat 
tests  under  different  conditions,  such  as  a rougher  sea-state,  can  of  course 
add  useful  information  but  may  be  practically  impossible  to  accomplish.)  Further 
reasons  for  not  repeating  tests  are  the  expense  of  ship  charter  time,  and  the 
difficulties  of  arranging  for  any  substantial  additioi^l  blocks  of  ship  time. 

Both  militate  against  repetitions  of  pretest  events.-' 

Reasons  for  repetition  appear  less  compelling.  They  include: 

f Finding  the  range  of  time  that  can  be  expected,  as 
a way  of  assessing  what  delays  must  be  expected  and 
which  ought  to  be  discounted  in  using  the  data 

• Assessing  the  effect  of  learning  on  the  times  required 

• Trying  variations  and  improvements  in  procedures 

^Comments  not  applicable  to  limited  container-handling  evaluations  which  may 
be  integrated  with  equipment  deployment  pretests. 


t Providing  a more  statistically  viable  base  for  comparisons 
with  results  for  other  circumstances  such  as  the  seaway 
mentioned  above,  and 

• Providing  the  beginnings  of  a data  base  for  predictions 
of  capabilities  and  times  for  similar  lifts  of  other 
equipment. 

In  general,  repetitions  are  optional.  If  time  is  available  for  repeti- 
tions of  single  test  events,  they  should  be  considered.  If  done,  each  pretest 
equipment  lift  should  be  separated  from  the  previous  test  of  the  same  equipment, 
so  as  to  present  "a  whole  new  problem"  the  second  time.  For  example,  the  delays 
in  rigging  a test  lift  should  be  given  the  opportunity  to  occur  the  second  time, 
rather  than  simply  repeating  the  test  with  the  preliminaries  already  accomplished 
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B.  OPERATIONS  TO  BE  TESTED  /i 

1 ' 


This  section  outlines  some  of  the  considerations  in  selection  of 
operations  to  be  tested.  While  the  main  purpose  of  this  report  is  to  describe 
the  design  of  the  pretests,  the  main  test  is  also  referred  to  in  this  section. 

SCOPE 

Some  operations  pertinent  to  a real  LOTS  situation  will  not  be  tested 
simply  because  the  scope  of  the  test  has  to  be  bounded  by  the  availability  of 
resources  and  time.  For  example,  no  tests  are  contemplated  of  the  procedures 
used  in  nominating  ships  for  the  sealift,  nor  in  emergency  requisitioning  of 
ships  or  containers.  The  testing  envisioned  generally  concentrates  on  those 
operational  aspects  concerned  with  the  far-shore  part  of  LOTS  operations,  but 
does  include  investigation  of  ship  capabilities  to  deliver  selected  LOTS  equip- 


A second  basic  criterion  for  deciding  whether  an  operation  is  to  be  a 
candidate  for  the  proposed  tests  is  that  it  be  considered  as  an  ongoing  capability 
during  1977  through  the  early  1980s.  The  tests  are  basically  intended  to  con- 
firm and  quantify  projected  in-being  operational  capability.  Although  develop- 
mental or  research  objectives  are  not  central  to  the  test  design,  its  approach 
would  not  preclude  testing  certain  combinations  of  equipment  that  have  not  been 
used  together  previously,  nor  equipment  new  to  the  system  providing  it  meets  the 
basic  criteria  for  inclusion  in  an  operational  test  program. 

As  plans  for  the  various  tests  discussed  herein  go  forward,  it  will  be 
desirable  to  monitor  the  status  of  some  promising  LOTS  developments  that,  as  cur- 
rently scheduled,  will  be  too  late  for  inclusion  in  the  main  test. 

For  some  logistics-over-the-shore  operations  there  is  a minimum  need 
for  operational  testing  because  capabilities  are  well  established.  An  example 
is  unloading  breakbulk  cargo  from  breakbulk  ships.  While  breakbulk  ships  will 
perform  an  important  function  during  the  equipment  deployment  phase  of  the  niain 
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test,  their  testing  is  less  central  during  the  cargo  discharge  phase.  (The 
objective  is  to  provide  for  the  introduction  of  breakbulk  cargo  concurrently 
with  containers  in  order  to  test  the  capability  to  handle  both  simultaneously, 
rather  than  testing  of  breakbulk  cargo  throughput  per  se.) 

PHYSICAL  CRITERIA:  WEIGHT  AND  DIMENSIONS 

Physically,  some  equipment  used  in  LOTS  operations  is  not  appropriate 
for  deployment  in  certain  ship  types.  For  example,  an  LCD  cannot  be  lifted 
with  the  heavy-lift  boom  of  a conventional  breakbulk  ship.  Similarly,  some 
lighters  cannot  be  used  to  carry  certain  equipment  as  their  cargo  during  the 
deployment  phase.  For  example,  an  LCM8  does  not  have  sufficient  load-carrying 
ability  to  transport  in  a minimum-disassembled  configuration,  the  heavier  of 
the  two  LOTS  cranes  being  considered  (i.e.,  110  tons;.  The  physical  limitations 
of  weight  lifting  or  weight  carrying  on  the  one  hand,  and  space  requirements  on 
the  other,  provide  quantitative  criteria  that  limit  the  number  of  ship-equipment 
and  lighter-equipment  combinations. 

Dimensions  and  Weights  of  Equipment 

Table  3 shows  the  dimensions  and  empty  weight  for  LOTS  equipment.  The 
equipment  selected  are  representative  types  of  the  largest  and  heaviest  lighters, 
cranes,  and  MHE's  that  are  expected  to  be  available  and  that  will  comprise  the 
nucleus  of  the  LOTS  "systems"  in  the  late_1970s  through  early  1980s  time  frame. 

The  list  also  includes  barge  types:  the  LASH  and  SEABEE  bargeship  barges,  the 
DeLong  "B"  type  barge,  and  the  100-ton  capacity  floating  crane. 

Weight  and  Space  on  Ships 

Table  4 shows  one  aspect  of  the  problem  of  carrying  the  equipment  on 
shipboard-  the  capabilities  of  heavy  lift  ships,  breakbulk  ships,  and  barge- 
ships  to  lift  the  equipment  during  loading  or  unloading.  For  each  item  listed 
Except  the  rough  terrain  topi ifter,  the  sideloader,  and  the  bulldozer,  elimin- 
ated as  being  essentially  less  difficult  to  transport  than  the  others),  the 
table  shows  whether  or  not  the  shipboard  gear  could  lift  the  equipment,  and  the 
margin  of  deficit  of  lift  capability.  Table  4 is  the  basis  for  eliminating  some 
of  the  large  number  of  possible  combinations  of  ship-equipment  possibilities  for 
testing.  Note  that  a "No"  answer  to  the  lifting  capability  eliminates  the  com- 
bination from  consideration,  but  a "Yes"  does  not  necessarily  mean  that  the  ship 
type  could  in  fact  be  used  for  the  transport  of  a particular  type  of  equipment. 

This  is  because  the  table  does  not  consider  other  possible  limitations,  such  as 
available  space,  which  is  shown  in  the  next  table. 

Table  5 extends  the  examination  to  the  space  requirements.  It  also 
shows  one  of  the  critical  space  considerations  for  RO/RO  ships,  i.e,,  the  clearance 
through  the  largest  roll-on  port  of  the  ship.  In  Table  5 those  entries  that  had 
already  been  eliminated  as  too  heavy  (Table  4)  are  marked  "Not  Considered"  (NC). 
There  are  additional  NC  entries  for  obviously  impractical  combinations,  for  example, 
the  DeLong  Barge  on  all  ship  types  except  the  SEABEE. 
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TABLE  3 

DIMENSIONS  AND  WEIGHT  OF  SELECTED  EQUIPMENT  IN  LOTS  OPERATIONS 


; ('Vt  |;/'l  1 

ii.  s 

iNfii!'; 

LCNOIM 

WIDTH  OR  BIAM 

1 HE  mill  OR  TRAIT 

WtUHT  EMPTY 

LCU 

(M6h  Class) 

U*” 

34’ 

17' -9"  HflGfiT 

IHO  lions 
202  STons 

tCb 

(1610  Class) 

135'-3" 

29' 

17'  HEir.in 

165  LTons 
185  STons 

LCM-P 

(Steel) 

73 '6“ 

21' 

14’  Hrir.iiT 
9'-5"  MOULDfl)  DCPTH 

57. B LTons  1/ 
65  STons 

LCM-8 

(Aluminum) 

72‘-10" 

19'11" 

2 ’6*'  DPAFT 
FWO  LOAPCD 

35.7  LTons  ?/ 
40  STons  ^ 

;5'4"  HFIGHT  nmucED 

~ 56.6  LTons 

97  STons 

LARC  60 

62'-6" 

26 '7" 

FOR  SHIPPING 

> 88  LTons 

UM<  STons 

LACV  30 

76 '3'* 

33* 

(36's  on  cushion) 

21 ‘6" 

31  STons 

Causeway  Ferry 
(e.g.  3 Clements 
X 15  » 45  2/ 
Clements 

90' 

21' 3" 

5’-l" 

60.3  LTons 
67.5^/  STons 

Delong  "B"  Barge 

150 

60' 



10*  DtPTH 
3’  OPJ^FT 

800  LTons 
(Incl . Spuds) 

LASH  Barge 

61S 

3I'-2" 

8'?"  DRAFT 
IS’  HEIGHT 

80  LTons 

SEA-BEE  Barge 

97>i 

35 

17*  depth 
10’ 7”  DRAFT 

150  LTons 

lOO-Ton 

Moating  Crane 

140’ 

70' 

6'  DRAFT 

1410  LTons 

r 

Assembled 

over  73’ 

12' 

13'6" 

177/130  Slons-' 

250 

to:; 

Largest  Pc,  Tact. 

, §/ 
47'7"/57.7 

12' 

13’6" 

110  STons 

CRAtit 

Largest, Adm.  Kovo-^ 

47’7" 

12' 

8-4" 

61  STons 

140 

Assembled 

40'  (Approx)-*^ 

II'3" 

13'-1" 

81/61  STons-^ 

TOM 

CPANF 

Largest  of  3 pc 
Disasserbly 

33' 

11 '3" 

9'  -4" 
(Approx) 

47  STons 

Rough  Terrain 
Toplift  Loader 

\ 

24*-2'i" 

10' 4" 

8 '5" 

52  STons 

Lancer  Side 
1 oadtr 

3r4" 

12 '3" 

n'5" 

41  STons- 

r>-£  Bulldozer 
(Operational) 

20  -9" 

I2'-l"  j 

P'9" 

22  STons 
19.7  ETnns 

21 

I 
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i'  NAVSHIPS  Pub  250-452  shcus 
weight  as  134,000  lbs 
(1 .e. . 59.8  L Ions) . 

2/ 

- Heavier  designs  of  aluminum 
LCM8s  have  also  been  built. 

— ^ The  3x15  configuration  is 
fnost  connon  in  Navy  use,  but 
hardware  for  using  fewer  or  more 
are  shown  1r  Navy  publication, 
(e.g.,  4x12,  5x12  or  3x5). 
tlcRients  weight  approxirately 
1.5  tons. 

Following  are  selected 
dimensions  from  tranufac- 
turer's  brochure:  length 
of  truck  cn  which  crane 
is  mounted  32‘-10‘;”;  over- 
all length  with  25 ‘ upper 
section  of  boom  ass'-trhled , 
73'7*i”.  with  upper  25 ‘ 
section  folded  back,  50- 
1";  turning  radius  51 '6''. 


In  this  configuration,  crane 
can  be  reassembled  in  8 hrs. 
by  an  experienced  crew  of 
6 ro  10  men. 

In  this  configuration,  crane 
can  be  assembled  in  o mir.irrum 
of  2-3  days  if  experienced  crew 
of  6-10  men  and  lift  equipment 
arc  available. 


176,5  is  weight  of  complete 
basic  machine  including  3 
counterweights  and  70'  boom 
as  shown  in  PSH  brochure. 
RerK5ving  3 counterweights 
reduces  weight  by  40.3  STcns 
to  130  STons . 

8/ 

- The  smaller  figure  is  for  the 
cr>ne  with  boom  base  removed 
or  raised.  The  larger  figure 
includes  the  standard  boo" 
base  in  a horizontal  position. 


81  STons  is  weight  of  basic 
fiachine  with  hydraulic  out- 
rigger as  shown  in  bAH 
brochure.  The  ono-picce  counter 
weight  weighs  20  tons  and  's 
self  reniovable. 


i --  I rp- 
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TABLE  4 

WORKSHEET  FOR  LIFTING  CAPABILITIES  OF  SHIPBOARD  EQUIPMENT 


table  shows  technical  weight-lift  coi^dbilitics  only.  It  docs  not  cofisider  space  arid  other  factors  discussed  in  la*/-r 
sections  of  this  report,  so  does  not  represent  final  answers.  Note,  however,  that  a ^ answer  Is  this  table  is  final  r the 
sense  that  the  lift  is  rot  feasible. 


Note:  Capacities  of  i^hiphoard  Cranes  are  cusfomarfly  sfun-rn  as  not  varying  with 

booiii  reach.  Ca.'jcities  are  usually  si'.own  in  lono  tons,  as  in  this  table. 


Law  lut  H.iviu  tkiak  vmu  ships'^  I 


BAPC.f  SfillS 


Iwo  I '.’L' 
1 I T Ijiior  > 


I 1 I _ sf'Vfiiij/ 

7b  I T 60  LT  50  LT  1 wi  Oiout  in  or  on  “wTHiouV 


CU  (1466  Class) 
CU  (1610  Class) 
CM-8  (Steel) 
CM-S  (Aluminum) 
ARC  €0 
ACV-30 


.,auscv«ay 

.1  X 15  * 45  elements 


.'olonQ  'B'  Barge 
LASH  Barge 
StA-eCE  Barge 


IBOLT  I -60 
165LT 

58LT  j+62 
36LT 
87LT 
28LT 
61LT 
800LT 
8(3LT 
150LT 


Operational  130LT 

(less  ctr.wts) 

targost'pe  of'  .3,  j 

tacti^aj  di_y  s_seiTv-1j/_ 
Largest  Vdm. 

nroj/e 

Operational  ^ht 

(l«s_ctr.wtsr^‘:V 

Large'.!  of  '3 
PC  dj_sasj;enibl^; 


Ta7gL;r 

_ _ . _ PC  dis 

100-Ton  Floating  Crfinc 


♦39  I Yes  I 424  Yes 


•iCTt.:  tli.  denotes  Nc*.  Cc'Sidfred,  wsueKy  because  of  corsirieraticns  shoi.n  previously. 

1/  Prelir.iiriar/  asscs'.picnt  of  Break  uuH.  S'-i,-'-’  gear  indicates  that  few  heavy  lift  boocis  arc  located  in  pairs 
so  as  to  provide  married  lift  capaMli*./.  Thus  n.arried  falls  are  not  considered  in  tiiis  cctegory. 

2/  Designed  capacity  of  lASH  Lift  gear  » S’.O  tsns. 

3/  Designed  capacity  of  Fievator  * 2000  to'^s. 

4/  Studies  of  technical  fcosibility  currc'tly  being  made  under  Navy  sponsorsiilp. 


TABLE  5 

WORKSHEET  FOR  SPACE  CONSIDERATIONS  FOR  LOTS  EQUIPMENT  ABOARD  VARIOUS  SHIP  TYPES 

THIS  lAPLC  SHOWS  SI'ACC  CONSIDl  RAT  IONS  ONLY.  IT  DOtS  NOT  CONSIDTR  WLIOHT  OR  OTHER 
FACIORS  DISCUSSED  IN  LAUR  SECTIONS  OP  THIS  RtfOlil,  SO  DOES  NOT  RErKLSLNT  PINAL 
ANSWERS. 


SHIP  lYI’C 


EQUIPra'NT 
LCU  1466 

LCU  1610 


III  rWY 

Lii  r 

TYPICAL 

. 

PAOfT  OhlPC 

W/KO  SHIPS 

t'lM  M 

|Y|  II  |Y 

1 PmAL 

mill/  1 

J 

I'f  UU  It  » 

All  II 

C r A 1 ITT 

SHIPS 

SHIPS 

LASH 

sr.Aprr 

M Al  H 1 

CLASS 

MA I NE 
CLASS 

COM.t  T 

Dock 

Space? 

In 

Hatch? 

Dcvk 

Space? 

In 

Match? 

Wi  thout 
li.MljO 

in  or  on 
D.hejp 

Lit'  aul 
Uaroe 

in  or  on 
pjrqo 

1 'r.ii  iiirr 
Ifiru  Mi'fii 
I’or-T  7/ 

t iiMi  arii,  I- 

thru  Stem 
Por  t 3/ 

1 . 1 ' If  Ufil. 

thru  iti 
I'nr  ! 

Yes 

(on 

hatch) 

No 

UN- 

LIKELY 

No 

No 

NC 

YEsi/ 

NC 

NC 

NC 

NC 

Yes 

(on 

hatch) 

No 

UN- 

LIKELY 

No 

Uo 

NC 

YEsi' 

NC 

NC 

NC 

NC 

LCM-S  (steel) 

Yes 

Yes 

Yes 

No 

Yes  2/ 

NC 

Yes 

NC 

NC 

NC 

LCM-8  (aluminum) 

Yes 

Yes 

Yes 

No 

Yes^/ 

NC 

Yes 

NC 

NC 

NC 

LARC-60 

Yes 

Yes 

Yes 

No 

rio^ 

NC 

Yes 

NC 

No 

No 

I.ACV-30 

Yes 

POSS- 

1/ 

t 111  \A 

Yes 

No 

Yes^ 

' NC 

Yes 

NC 

No 

No 

Causeway 

(3  ELEI1ENTS  X 15) 
"B"  DeLong 


LASH  Barge 


SEA-B.^E  Barge  Yes 

250  ASSEMBLED  YeS 

LARGEST  PIECE,  ~ 

TO'I  TACTICAL  MOVE  ^ 

rRAVL-  LARGEST  PIECE.  Yp<; 

LAH.ir  MOVE 


lIlO  ASSEMBLED 

* "largest  of 
CPnr  three  piece 


NOT  NOT 
APPLI-  APPLl- 


Yes 


Yes  Yes 

Yes  Yes 


Yes 

No 

STUOY-' 

NC 

Yes 

NOT 

APPLI- 

CABLE 

NOT 

APPLI- 

CABLE 

No 

No 

Yesfi/ 

Yes 

No 

Yes 

No 

NC 

UN- 

LIKELY 

No 

No 

NC 

Yes 

Yes 

No 

No 

Yes 

Yes 

Yes 

uu- 

LIKELY 

Yes 

Yes 

Yes 

Yes 

UN- 

LIKELY 

Yes 

Yes 

Yes 

Yes 

No 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

:iC  NC 


NC  NC  ric 


NC  NC  NC 


NC 

NC 

NC 

:ic 

Yes 

Yes 

Yes  9/ 

No 

Yes 

Yes 

Yes  9/ 

No 

Yes 

Yes 

Yes 

Yes 

Yes 

Yrs 

Yes  9/ 

mo(close) 

Yes 

Yes 

Yes  9/ 

JO  (close) 

NOTE:  NC  denotes  NOT  CONS  I IlERED I USUALLY  BECAUSE  OE  CCNSIDEPAl IONS  SHOWN  PREVIOUSLY 

;?^-'55CLU!C2iA,  FOR  ^/clearances  ape  close  and  small  COUNTfPWC-GHriNG  IS  IN- 
EYAMPLE,  /D  X ui  -M  ; LAC/-.iU  lo  /b  -5  X ii  . DICATID.  STUDY  01  STRESSES  ON  LACV->0  IS  RECCMMENDlU. 

^/reOUIRES  SPECIAL  UEI  RPA''  AND  MOD  I T I CAT  ION  TO  1 1 EC-  ,5  13'  >•  ]g< 

TRONIC  CONTROLS  AFOA.PD  SHIR.  SEVERAL  HAMS  AVAILABLE 

Aim  ALL  t'J  TYIE  LASH  SHIPS  HAVE  BEEN  MOTiIflEO.  7/  „ ,,, 

‘-  STERN  PORJ^HAS  DOOR  16  HIGH  X 42  WIDE.  RAMP  HAS  MINIMUM, 

^THE  No  AIIJWER  COULD  EE  CMAMGED  IF  LICE  Or  LIIT  TEAM  (sEE 

FOOTNOTE  2)  ViTH  SH.CIAILY  FAIRICATEI)  SLINGS  CAN  BE  K/  ,,, 

ARRANfED.  VERTICAL  CLEAPANCIS  ARE  CLGSl.  COMET  STFR.N  PORT  IS  1/  lOV  WIDE  BY  13  Hlf.H. 

^BtltlG  INVESTIGATED  III  NAVY  l'f;U.)LCT.  BADIl'S  INSIDE  S'lIR  MAY  BE  HINDRANCE. 


TRONIC  CONTROLS  AFOA.PD  SHIR.  SEVERAL  HAMS  AVAILABLE 

Aim  ALL  t'J  TYIE  LASH  SHIPS  HAVE  BEEN  MOrtlflEO.  Z/jjppfj  POP 

^THE  No  AHJWER  COULD  BE  CMAMGED  IF  LICE  Or  LIIT  BEAM  (sEE  ”'4TH  OE 


TURNING  RAim-S  INSIDE  S'lIP  MAY  BE  HINDRANCE. 

' ■ ■/ 
L/rr-Ji  /'i  V I Air—  ^‘^*“-**  * 


Carrying  Equipment  on  Containerships.  Containerships  are  not  in- 
cluded in  the  material  discussed  thus  far.  Most  containerships  having  gantry 
cranes  for  self-unloading  can  lift  only  up  to  about  28  tons.  The  self-sus- 
taining containerships  with  conventional  type  booms  usually  have  a heavy-lift 
boom  with  a 50-or  60-ton  capacity.  For  these  ships,  the  appropriate  columns 
of  Table  4 for  breakbulk  ships  apply. 

For  non-self-sustaining  (NSS)  containerships,  a mobile  crane  that  can 
move  on  deck  will  be  used  for  discharging  containers.  A P&H  Truck  Crane  of  this 
type  is  part  of  the  Table  of  Equipment  of  the  Army's  newly  developed  terminal 
service  company  (container).  In  addition,  the  Navy  has  under  development  the 
application  of  a mobile  crane  of  similar  design  and  capability  for  the  crane- 
on-deck  containership  discharge  concept.  In  addition  to  its  primary  use  of  un- 
loading containers,  it  could  also  unload  other  LOTS  equipment  which  might  be 
deployed  by  a containership.  (For  most  heavy  loads  different  boom  lengths  and 
different  crane  riggings  are  required  than  for  container  unloading. )- 

A 250-ton  crane  is  also  part  of  the  terminal  service  company  (container). 
Its  major  LOTS  roles  are  as  a crane-on-barge  for  unloading  containers  from  a ship, 
and  unloading  lighters  at  the  shoreline. 

The  requirement  for  a long  reach  for  moving  containers-  either  across 
the  deck  of  the  ship  or  from  a landing  craft  at  a shoreline-  results  in  choosing 
cranes  that,  at  much  shorter  reaches,  have  high  lifting  capabilities.  The  change 
in  lift  capabilities  with  reach  is  summarized  in  Figure  4.  The  capacities  were 
plotted  from  load-rating  plates  in  pertinent  manufacturer's  brochures  (P&H).  The 
heavy  loads  require  the  use  of  heavy-duty  boom  tips  rather  than  container-tips. 

A 50  or  60-foot  boom  is  used  for  the  region  of  the  curve  of  interest  for  the  heavy 
lifts.  The  cranes  were  assumed  to  operate  with  the  boom  over  the  rear  of  the 
carrier. 

Table  6 shows  the  result  of  first  approximation  calculations  of  the 
capabilities  of  140-ton  cranes,  singly  or  in  tandem,  to  unload  LOTS  equipment 
from  the  deck  of  the  non-self-sustaining  containership  under  calm-sea  conditions. 
The  crane  lift  capabilities  were  assumed  to  be  as  shown  in  the  lower  curve  of 
Figure  4.  As  shown  in  the  sketch  at  Figure  5,  the  heavy  lifts  were  assumed  to 
take  place  with  the  crane  positioned  as  close  to  the  deck  edge  as  feasible.  It 
may  be  necessary  to  place  beams  under  the  outrigger  pads  to  distribute  the  con- 
centrated load. 


Deployment  of  250-Ton  and  140-Ton  Capacity  Cranes 


Deploying  the  heavy-lift  mobile  cranes  presents  problems  because  of 
their  weight  and  size.  Fully  operational,  the  250-ton  P&H  6250  truck  crane, 
complete  with  its  three  standard  counterweights,  a 70-foot  boom  and  mast,  its 
cables,  and  a hook  block,  weighs  177  short  tons,  according  to  the  P&H  descriptive 
circular.  This  configuration  would  have  a length,  with  the  boom  in  a near-horizontal 
position,  of  over  110  feet.  It  is  too  long  and  too  heavy  to  transport  in  a fully 
operational  configuration. 


-Changing  booms  does  not  require  any  lift  equipment  other  than  the  crane  itself. 
The  crane  presumably  would  be  in  the  heavy  lift  configuration  at  first,  then  be 
changed  to  the  container  handling  configuration  by  adding  boom  inserts,  changing 
to  a container  tip,  and  re-rigging  the  lift  blocks  so  that  the  load  moves  faster. 
Note  that  the  boom  sections  would  require  space  on  the  deck  of  the  ship. 
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LIFTING  CAPACITY  SHORT  TONS,  USING  SUITABLY  SELECTED  BOOM 


60  FT.  HEAVY  DUTY  BOOM  TIP, 

\90,000  LBS.  COUNTERWEIGHT. 

\ (THIS  PART  OF  CURVE  BASED 
\ ON  STRENGTH  OF  MATERIALS, 
\ NOT  CRANE  STABILITY) 


\ 

60  FT 
BOOM 


100  FT 
BOOM 


120  FT^ 
BOOM 


P&H  6250TC 


P&H  9125TC 


HORIZONTAL  REACH  FROM  CRANE  CENTERLINE  OF  ROTATION,  FT. 


FIGURE  4.  RELATION  BETWEEN  CRANE  REACH  AND  LIFTING  CAPACITY,  FOR  P&H  TRUCK 

CRANES  6250TC  and  9125TC. 

Values  are  maximums  for:  selected  lengths  of  boom;  heaviest  standard  counter- 
weights; operation  over  rear  of  carrier;  use  of  mast;  and  for  the  6250TC,  use 
of  auxiliary  outriggers  at  rear  (i.e.,  floats).  Sources:  P&H  Brochure  TX-538 
CCl,  page  7,  for  6250TC.  For  9125,  Brochure  5M-874  DLC,  Plate  labelled  PCSA 
Class  12=736,  62,000  lbs.  counterweight. 


FIGURE  5 . DIMENSIONS  USED  IN  FINDING  REQUIRED  REACH  FOR 
CRANE-ON-DECK  OPERATIONS 
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Assembled  250-Ton  Crane  Without  Counterweights.  Various  degrees  of 
disassembly  are  possible.  One  ■Is  a normal  stage  in  the  commercial  use  of  the 
crane  and  can  be  accomplished  by  a crew  experienced  in  crane  operations.  It 
is  removal  of  the  three  counterweights  (total  weight  46  tons)  and  the  30-foot 
boom  tip.  Assuming  the  boom  tip  and  the  counterweights  are  suitably  located, 
no  outside  equipment  is  needed  for  the  crane  to  be  reassembled.  It  is  still, 
in  a sense,  in  an  operating  configuration;  without  counterweights  the  crane 
weighs  130  tons.  With  the  boom  tip  removed  the  crane  weighs  127  tons  and  is 
about  70  feet  long.  Limited  transport  in  this  configuration  may  be  feasible. 

Disassembly  of  250-Ton  Crane  for  Tactical  Movement.  Still  further 
disassembly  requires  use  of  lift  equipment  for  removing  the  lower  boom  section. 

The  "minimum  breakdown  for  deployment  shipment,"  or  disassembly  for  tactical 
movement,  was  used  for  the  OSDOC  II  tests.  In  this  confiquration  the  heaviest 
piece  is  the  chassis  with  turret  (also  called  the  "upper").  The  weight  for 
this  configuration  is  shown  as  110  short  tons  in  the  ATSP-CTD-DS  Fact  Sheet  of 
10  January  1975  and  is  used  in  this  study.—'  It  is  not  within  the  tandem  lift 
capability  of  two  140- ton  cranes-on-deck. 

Disassembly  of  250-Ton  Crane  for  Administrative  Type  Movements.  Over- 
seas commercial  shipment  of"  the  P&H  6250  is  accomplished  in  a still  further  dis- 
assembled state.  In  particular,  the  upper  is  separate  from  the  carrier.  The 
heaviest  piece  is  the  carrier,  shown  in  the  P&H  brochure  at  61  short  tons,  and 
next  is  the  machine  upper,  shown  as  47  tons.  The  assembly  time  from  this  con- 
figuration is  given  in  the  fact  sheet  referred  to  above  as  a minimum  of  two  to 
three  days  providing  good  lift  equipment  and  an  experienced  crew  of  6 to  10  men 
are  available.  The  mating  of  the  upper  with  the  carrier  requires  particular  skills 
and  is  not  a routine  operation  in  commercial  practice. 

Assembled  140-Ton  Crane.  In  the  crane-on-deck  role,  one  employment 
concept  for  the  140- ton  crane  is  to  put  it  aboard  the  NSS  containership  at  a 
port  of  debarkation  and  leave  it  aboard  after  the  containers  (and  any  LOTS 
equipment  carried  aboard)  are  discharged.  Other  concepts  of  crane  use  envision 
removing  the  crane  from  the  ship  and  its  transfer  to  another  ship  for  discharge 
operations. 

The  assembled  crane  with  a 25-foot  boom  lower  section  in  a horizontal 
position  is  approximately  40  feet  long  and  weighs  81  short  tons  (or  61  short 
tons  with  the  single  counterweight  removed).  The  counterweight  is  removable 
without  using  outside  lifting  equipment. 

Tactical  Movement  Configuration  for  140-Ton  Crane.  Sufficient  reduction 
in  weight  and  size  for  overseas  shipping  can  be  obtained  without  the  need  for  dis- 
assembly of  the  crane  upper  from  the  carrier.  It  can  be  disassembled  into  three 
main  components:  the  carrier  with  upper;  the-counterweight;  and  the  boom  sections. 
The  first  is  the  heaviest  and  weighs  47  tons.—  It  is  32  ft  10*i  in.  long. 


-'^Information  from  the  P&H  brochure  giving  details  of  the  6250-TC  Crane  could  be 
used  to  show  that  the  total  weight  should  be  slightly  higher.  For  example,  the 
total  for  carrier,  machine  upper  with  gantry,  operations  module,  and  cables  is 
112.6  tons. 

-^This  is  the  weight  of  the  machine  with  the  following  removed:  counterweight; 

complete  boom;  complete  outriggers;  rear  franie  section;  hoist  and  boom  hoist 
ropes.  (Reference-  crane  axle  loading  sheet  of  P&H  brochure.) 


Assembly  time  has  been  estimated  as  six  to  seven  hours,  with  6 to  10  men.  With 
only  counterweights,  rear  outriggers,  and  boom  tip  removed,  assembly  time  can 
be  reduced  to  about  two  hours,  with  the  weight  of  the  largest  assembly  increased 
only  a few  tons. 

TEST  SUITABILITY  CRITERIA 

In  deciding  which  ship-equipment  combinations  would  be  appropriate 
candidates  for  pretest,  several  factors  relevant  to  the  test  situation  must  be 
considered.  In  order  to  permit  use  of  a tabular  format  shown  later,  the  specific 
criteria  are  put  into  the  form  of  questions  that  can  usually  be  answered  "yes"  or 
"no".  They  are: 

a.  Usable  Combination?  Is  the  information  that  the 
pretest  will  provide  pertinent  to  ships  and  equip- 
ment that  are  sufficiently  important  to  the  LOTS 
mission  and/or  the  main  test  concepts  to  warrant 
the  expense  of  the  pretest?  The  intent  here  is 

to  eliminate  patently  unjustified  pretests  of 
equipment-ship  combinations  and  to  encompass  all 
potentially  usable  deployment  means  in  order  that 
sufficient  data  will  be  available  to  optimize  the 
combinations  in  subsequent  analysis  and  evaluation. 

b.  Available  in  Time  Frame?  Is  the  equipment  scheduled 
to  he  available  in  time  to  be  pretested? 

c.  Preparations?  Could  any  required  engineering  studies 
or  necessary  equipment  modifications  be  completed  in 
time  (and  within  reasonable  costs)  for  the  pretest  to 
go  forward? 

d.  Non-Redundant?^  Is  it  desirable  to  make  the  test, 
taking  into  account  whether  a similar  test  has  already 
been  made  in  the  past,  whether  there  is  a reasonable 
amount  of  military  experience  in  the  area,  and  whether 
other  similar,  perhaps  more  difficult,  pretests  are  al- 
ready contemplated?  Note  that  this  query  requires  par- 
ticularly careful  consideration  since  part  of  the  purpose 
of  the  pretest  is  to  provide  viable  alternative  ways  of 
deployment,  to  account  for  the  possibility  that  a particu- 
lar ship  type  may  not  be  quickly  available  in  an  emergency. 

Answers  to  the  above  are  based  on  both  factual  information  and  judgment, 
as  contrasted  to  the  criteria  for  weight  and  space  which  are  basically  factual. 
There  can  be  borderline  answers.  In  addition  there  are  a few  answers  (for  example, 
to  the  query  on  non-redundancy)  which  may  depend  on  the  test  sequence  in  which  the 
ship-equipment  combination  is  considered. 

Specific  "yes"  or  "no"  entries  to  the  above  questions  are  found  in  Tables 
7,8,  and  9. 


order  to  make  the  yes  or  no  answers  to  this  question  consistent  with  the 
answers  to  the  other  questions,  it  had  to  be  put  into  the  unusual  form  shown: 
The  question  does  not  ask  the  straightforward  "Is  the  test  redundant?",  which 
would  have  resulted  in  a series  of  No's.  Rather,  the  question  is  asked  with 
an  additional  negative  layer,  "Is  the  test  non  redundant?"  to  which  a yes 
answer,  like  a yes  answer  to  the  other  questions,  means  a favorable  answer 
with  respect  to  justifying  a test. 


Yes 


TABLE  8 

SUMMARY  OF  APPLICATION  OF  CRITERIA  FOR  CANDIDATE 
EQUIPMENT-SHIP  COMBINATIONS— NSS  CONTAINERSHIPS 


NON-SELF-SUSTAINING  CONTAINERSHIPS 


Tv/0  140-Ton  Cranes 


140-Ton  Crane 


not  necessary  to  test 


Legend:  NC  = Not  Considered 


Test  not  necessary  if  one  crane 
can  perform  lift. 
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GENERAL 

The  criteria  for  LOTS  main  and  pretest  ship  selections  have  their 
origin  in  the  two  primary  roles  in  which  it  is  anticipated  that  merchant  dry 
cargo  ships  are  to  be  employed,  namely  deployment  support  and  sustained  cargo 
throughput.  Consideration  of  each  of  these  functions  is  necessary  in  ship 
selections  because  of  the  varied  capabilities  needed  to  expeditiously  trans- 
port, establish,  and  subsequently  conduct  a realistic  LOTS  type  operation. 

The  broadest  criteria  that  can  be  applied  in  evaluating  both  deployment  and 
throughput  support  relates  fundamentally  to: 

• Equipment/cargo  weights  and  sizes 

• Ship  stowage  spaces  and  accesses 

t Time  as  a function  of  operational  responsiveness 
and  ship  speed 

• Ship  availability  for  testing  and  contingency 
operations. 

In  addition  to  such  broad  criteria  for  ship  selections,  DDR&E  (T&E) 
tasked  ORI  to  consider  for  testing  each  of  the  basic  ship  types  (break- 
bulk,  container,  RO/RO,  and  bargeship).  This,  in  turn,  required  that  ship 
selection  be  as  representative  as  possible  within  each  type  in  order  for  the 
test  to  be  representative.  Further,  the  LOTS  test  definition  addressed  the 
subject  of  ship  selection  and  the  importance  of  validating  deployment  capa- 
bilities of  ships  considered  "theoretically  capable"  as  being  one  of  the  most 
important  facets  of  the  testing  program. 
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The  approach  to  ship  selection  is  multi-sided  since  it  is  influenced 
by  economics,  ship  availability,  and  test  requirements.  In  a "realistic" 
situation  under  either  mobilization  or  non-mobilization  with  implementation  of 
the  Sealift  Readiness  Program  (SRP),  access  to  preferred  or  representative  ships 
and  ship  types  would  be  easier  than  will  be  the  case  for  the  LOTS  test.  Under 
peacetime  conditions  military  ship  requirements  are  in  competition  with  routine 
business  and  economic  interests.  The  most  representative  ship  may  not  be  available. 

In  the  case  of  the  breakbulk  ships  especially.  Military  Sealift  Command  (MSC)  assets 
will  be  used  whenever  possible,  first,  to  reduce  test  costs  and,  secondly,  because 
of  their  better  availability  than  other  ships.- 

For  test  and  evaluation  purposes  pretest  criteria  are  also  influenced 
by  the  desirability  of  analyzing  the  "most  demanding"  situation  as  opposed  to  a 
preferred  (easier)  case.  The  most  complete  range  of  data  generated  will  result 
from  examining  the  load  limitations,  operational  constraints,  and  necessary  I • 

modifications  for  deployments  that  might  require  use  of  ships  which  have  only 
marginal  support  capabilities.  Thus,  the  general  approach  to  ship  selection 
within  the  types  specified  for  the  test  program  requires  striking  a qualita- 
tive balance  among  the  factors  of  ship  typicality,  operational  realities  and 
data  requirements  necessary  for  a most  comprehensive  deployment  analysis.  For 
example,  numerical  representativeness  was  less  compelling  in  selection  of  the 
heavy-lift  breakbulk  and  SEABEE  ships  than  were  operational  considerations. 

Both  unique  requirements  and  unique  capabilities  were  overriding  in  their  in- 
clusion. 

There  are  only  two  types  of  bargeships,  SEABEE  and  LASH.  Since  all 
SEABEES  are  the  same  basic  design  and  there  are  only  two  basic  LASH  types,  the 
selection  criteria  for  these  ships  are  less  extensive  than  those  required  for 
containerships  or  breakbulk  ships. 

The  most  significant  criteria  in  selection  of  a LASH  for  use  in  the 
pretests  is  compatibility  with  the  LCM8  lift  beam.  Currently,  only  the  C981 
type  LASH  ships  have  been  modified  to  accommodate  the  LCM8  lift  beam,  a feature 
essential  to  LOTS  system  equipment  deployment  and  its  testing.  If  certain  modi- 
fications to  the  lighter  gantry  crane  are  made  the  C881  LASH  could  also  be  used. 

RO/RO  ship  characteristics  and  types  available  for  the  LOTS  test  were 
not  evaluated  in  detail  (see  Appendix  A).  Due  to  the  lack  of  an  existing  pro- 
totype "marriage"  ramp  (for  off-shore  RO/RO  operations),  and  because  it  was  an 
"optional"  test  ship  in  the  original  DDR&E  test  program  guidelines,  the  RO/RO 
ship  pretest  will  probably  not  be  practical  during  the  FY  76-7T  timeframe. 

Consideration  of  a FY  77  RO/RO  evaluation  will  depend  upon  the  results  of  other 
ship  pretests  and  the  availability  of  a suitable  ramp. 


-^For  the  most  part,  MSC  breakbulk  ships  consist  of  CHALLENGER  class  vessels 
built  in  the  early  1960s.  These  have  slightly  greater  boom  capacities  and 
more  stowage  space  for  heavy  lifts  than  60  percent  of  the  breakbulk  ships 


CRITERIA  FOR  THROUGHPUT  OPERATIONS 


Throughput  (or  resupply  support)  is  characterized  by  sustained  ship- 
to-shore  operations  as  opposed  to  the  surge  and  often  specialized  requirements 
characterized  by  a deployment.  Thus,  the  basic  approach  was  to  identify  the 
most  "typical"  or  representative  dry  cargo  ship,  particularly  a containership, 
that  normally  would  be  involved  in  a LOTS  situation.  If  the  identified  typical 
ship  can  be  chartered,  it  will  minimize  the  need  to  extrapolate  data  collected 
during  the  test. 

GENERAL  CRITERIA  FOR  DEPLOYMENT 

Deployment  requirements  to  support  a LOTS  operation  are  primarily 
characterized  by  the  necessity  for  a ship  to  have  sufficient  lifting  capacity 
and  stowage  space  to  accommodate  certain  outsized  equipment  selected  for  loading. 
While  this  equipment  for  the  most  part  is  larger  and  heavier  than  some  of  the 
heaviest  combat  material,  it  is  not  practical  or  necessary  for  pretest  purposes 
to  physically  load  and  off-load  all  material  and  equipment  of  a complete  LOTS 
system  aboard  each  ship  type.  To  assist  in  evaluating  ship  capabilities,  only 
the  largest  and  heaviest  equipment  which  appears  to  be  deployable  on  the  basic 
type  ship  will  be  test  loaded. 

In  structuring  the  pretests,  the  apparent  compatibility  of  certain  test 
lifts  and  ships,  and  the  desire  to  selectively  maximize  equipment  types  (by 
function)  on  each  ship  type  resulted  in  equipment  mixes  aboard  some  ships  which 
provide  the  nucleus  of  a LOTS  system  capability  (although  not  that  required  for 
a full  LOTS  system  of  sufficient  capacity  to  support  major  force  throughput  re- 
quirements or  ship  turnaround  schedules).  While  it  is  not  intended  that  the 
pretests  employ  combat  loads  or  loading  combinations  of  LOTS  system  equipment, 
the  flexibility  to  "spread-load"  mission-essential  items  may  ultimately  be  a 
significant  factor  in  the  overall  deployment  analysis. 

Table  10  provides  a general  guideline  to  some  of  the  deployment  load  and 
off-load  criteria  used  as  the  basis  for  pretest  design.  While  it  does  not  attempt 
to  include  all  equipment  or  LOTS  support  requirements,  it  does  provide  the  basic 
criteria  for  examining  ship  capabilities  with  respect  to  the  most  critical  lift 
requirements  (weight  and  size). 

While  boom  capacity  limits  are  commonly  used  as  a measure  of  capability, 
certain  ship  dimensional  considerations  are  also  important.  A second  part  of  the 
evaluation  of  deployment  potential  involved  the  ability  to  stow  the  equipment 
somewhere  aboard  ship  and  necessitated  an  examination  of  hatch  square  sizes  (at 
the  hold  serviced  by  the  jumbo  boom)  and  hold  and  below  deck  clearances.  Included 
in  this  analysis  was  the  factor  of  equipment  load  integrity.  A ship  capable  of 
accommodating  LOTS  heavy  equipment  and  landing  craft  with  a minimum  requirement 
for  disassembly  and/or  modification  was  judged  preferable  to  one  which  requires 
extensive  equipment  disassembly  and/or  special  modifications  of  ship  or  equipment 
for  loading.  Even  though  one  ship  may  be  slightly  slower  than  another,  the  time 
and  effort  saved  by  avoidance  of  equipment  reassembly  would  be  of  greater  signifi- 
cance and  would  result  in  earlier  establishment  of  a LOTS  capability  in  the  objec- 
tive area  than  one  which  arrives  sooner  but  takes  more  time  and  effort  before  the 
system  elements  it  deploys  are  ready  for  operation. 
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TABLE  10 

GENERAL  CRITERIA  USED  FOR  DEVELOPMENT  OF  SHIP  LOAO/OFF-LOAD  PRETESTS 
AND  SUBSEQUENT  EVALUATION  OF  CAPABILITIES 


) 

I 


I 

I 


I 


HEAVY-LIFT  AND  CONVENTIONAL  BREAKBULK  SHIP  SELECTION  CRITERIA 

The  criteria  for  determining  the  most  suitable  breakbulk  ships  to 
support  a LOTS  system  deployment  places  primary  emphasis  on  the  capacity  of 
the  ship  to  load  and  unload  the  larger  items  of  LOTS  equipment.  Thus,  two 
major  capabilities  of  the  breakbulk  type  ship  are  of  interest,  boom  capacities 
and  hatch  sizes.  Because  of  their  gross  size  and  weights,  the  most  demanding 
aspects  of  LOTS  system  deployment  centers  around  the  loading  of  LCDs,  the  250- 
ton  and  140- ton  cranes,  barges  and  causeways,  and  LCMSs;  and  their  discharge 
in  an  off-shore  environment. 

Basically  two  types  of  breakbulk  ships  were  considered  for  the  pre- 
tests, a conventional  breakbulk  ship  and  the  heavy-lift  breakbulk  ship.  The 
heavy-lift  breakbulk  ship  as  described  in  this  report  includes  all  breakbulk  -/ 
ships  having  a boom  or  boom-marriage  lift  capability  in  excess  of  80  long  tons.— 

The  heaviest  lifts  considered  feasible  for  breakbulk  type  ships  are  an 
LCD  (185  short  tons),  the  tactically  disassembled  (three  major  components)  250- 
ton  crane  (the  largest  section  weighing  110  short  tons),  the  LARC-LX  (97  short 
tons),  an  LCM8  (deployment  weight  of  65  short  tons),  causeway  sections  (67.5  short 
tons),  a 250-ton  crane  administratively  disassembled  (the  largest  section  weighing 
61  short  tons),  and  a topi i ft  loader  (52  short  tons).  Any  breakbulk  ship  not 
capable  of  self-loading  a toplift  loader  was  considered  marginal  Uee  Figure  6 ). 
The  actual  load  to  be  pretested  is  subject  to  the  boom  capacities  of  the  ships 
selected.  Table  lOgives  the  boom  capacity  required  to  lift  each  equipment  item 
and  the  LOTS  system  components  within  range  of  each  boom  capacity  level. 

Breakbulk  ships  which  have  at  least  a 61-short  ton  boom  capacity  (55.5 
long  tons)  appear  to  have  the  potential  to  deploy  a minimal  LOTS  throughput  capa- 
bility. Such  a capability  consists  of  ship-to-shore  lighterage^v  the  means  to 
off-load  and/or  transfer  the  container  to  ground  transportation,  and  the  ground 
transportation  for  beach  clearance  (not  considered  a problem  since  it  is  all 
lighter  and  smaller  than  the  LOTS  equipment). 

A second  major  consideration  is  the  size  of  the  ship's  hatch  squares. 

Only  a limited  amount  of  equipment  can  be  deck-loaded,  yet  because  of  salt  water 
and  weather  exposure,  deck-loading  is  not  a preferred  method  of  transporting 
heavy  equipment.  Because  of  the  sizes  of  equipment,  hatch  square  dimensions  were 
reviewed  to  determine  if  equipment  could  be  hold-loaded.  Overhead  clearance 
problems  can  be  overcome  by  loading  on  a hatch  square  and  leaving  the  hatch  square 
above  either  completely  or  partially  open.  This  procedure  reduces  the  availability 
of  loading  space  on  the  level  above,  but  it  is  a necessary  trade-off  if  outsiz'ed 
LOTS  equipment  is  to  be  deployed  in  conventional  breakbulk  ships. 

-^At  one  time  it  was  traditional  to  refer  to  any  boom  in  excess  of  a 20  to  30- 
ton  capacity  as  a heavy-1 1ft  boom,  but  this  definition  is  not  considered 
appropriate  in  terms  of  today's  ship  capabilities  and  lift  requirements. 

^While  a LACV-30  could  provide  lighterage  for  container  throughput  operations, 
it  cannot  serve  as  lighterage  to  unload  the  MHE  required  for  container  through- 
put operations  ashore,  such  as  the  frontloader.  Thus,  an  LCM8  is  needed  to  off- 
load LOTS  equipment  too  heavy  or  outsized  for  the  LACV-30. 
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The  criteria  for  evaluating  hatch  square  sizes  necessarily  centered 
around  LOTS  crane  requirements  (48-foot  and  38-foot  lengths).  Hatches  less 
than  30  feet  long  were  considered  unusable  for  deployment  of  a LOTS  system 
(nearly  all  are  greater).  Equipment  widths  did  not  present  a problem  for  hold- 
type  cargo  (i.e.,  container  handling  equipment)  since  the  widest  piece  of  equip- 
ment is  the  sideloader  (12'  3")  and  nearly  all  hatch  squares  are  at  least  16 
feet  wide. 

CONTAINERSHIP  CRITERIA 

For  the  deployment-oriented  pretests,  container  cell  size  is  secondary 
in  the  sense  that  container  operations  are  not  a major  area  of  evaluation. - 
The  major  consideration  is  the  ship's  deck  configuration.  Unobstructed  deck 
space  is  a major  factor  in  designing  and  evaluating  the  LOTS  140-ton  crane  load- 
ing and  unloading  tests. 

The  main  test  concepts  outlined  in  the  ORI  LOTS  feasibility  and  definition 
study  indicated  a requirement  for  a ship  container  capacity  of  approximately  450- 
600  containers  in  addition  to  the  capability  to  transport  and  operate  cranes  on 
its  deck.  Because  of  the  limited  number  of  service-owned  cranes  to  support  both 
shoreside  and  shipboard  operations  during  the  test  timeframe,  it  is  desirable  that 
the  location  of  the  superstructure  not  separate  the  cargo  holds  loaded  with  the 
ship's  450-600  containers.-'  Because  of  the  emerging  trend  toward  larger  containers, 
it  is  also  desirable  that  the  ship  have  a minimal  capability  to  accommodate  40- 
foot  containers  (deck  loading  acceptable).  Accordingly,  the  ship  selected  for 
pretesting  should  be  of  a similar  design  if  deployment  pretests  are  to  have  maxi- 
mum application  in  the  main  test. 

Other  characteristics  such  as  ship  speed  and  its  availability  under  the 
SRP  are  important.  To  the  extent  that  the  ship  used  for  pretesting  is  accurately 
representative,  the  overall  deployment  analysis,  which  will  involve  extrapolation 
of  field  test  data  and  calculations  of  realistic  ship  availability,  will  be  greatly 
facilitated. 

One  major  alternative  concerning  container  capacity  may  also  have  to  be 
considered.  In  the  event  acquisition  of  a more  suitable  ship  or  sufficient  test 
container  is  cost-prohibitive,  a 300-container  capacity  ship  could  be  substituted- 
a significantly  less  desirable  substitute,  but  one  which  circumstances  might 
dictate. 

HEAVY-LIFT  AND  CONVENTIONAL  BREAKBULK  SHIP  SELECTIONS 

Breakb'ji^  and  heavy-lift  breakbulk  ship  characteristics  were  compared 
to  evaluate  suitability  and  availability  of  each  (see  Appendix  A).  Two  ships, 
the  TRANSCOLORADO  and  TRANSCOLUMBIA,  are  almost  ideally  suited  for  deployment 
support  of  LOTS  systems  equipment.  They  have  the  capability  to  load  and  unload 
LCUs  and  have  hatch  sizes  with  sufficient  length  and  width  to  permit  stowing 

-'^Some  integrated  container  handling  tests  are  envisioned  in  the  containership 
pretest  to  verify  LACV-30  load  options  and  ancillary  container  handling 
equipment  and  impact  attenuation  techniques. 

5/ 

-Normally,  a crane  would  be  positioned  aft  of  the  superstructure,  if  required, 
to  unload  those  holds. 
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outsized  equipment  below  decks,  such  as  a 250-ton  crane  (in  tactical  disas- 
sembled configuration).  While  three  other  heavy-lift  breakbulk  ships  have 
the  capability  to  load  heavy-lifts  (less  LCUs),  they  are  constrained  by  hatch 
squares  (40*  x 27')  too  small  for  hold-loading  of  other  LOTS  system  equipment. 

As  shown  in  Figure  6 almost  85  percent  of  the  breakbulk  ships  in  the 
U.  S.  merchant  fleet  have  a 60-ton  or  greater  boom  capacity.  Also,  it  appears 
feasible,  subject  to  LCM8/crane  load  test^  that  a 60-ton  boom  breakbulk  ship  can 
deploy  and  off-load  a nucleus  LOTS  capability.  Subsequently,  a 60-ton  boom  ship 
represents  the  most  demanding  pretest  case  and  would  provide  for  verification 
of  capability  applicable  to  the  majority  of  the  breakbulk  fleet. 

As  indicated  in  Table  11,  the  22  C41  type  ships,  while  less  preferable 
from  an  operational  standpoint,  meet  the  optimum  test  criteria  based  on  minimum 
boom  capacity  and  are  the  "most  demanding"  type  ships.  Unfortunately,  there 
are  no  C41  type  ships  in  the  MSC  controlled  fleet.  Use  of  MSC  assets  provides 
for  a greater  assurance  of  availability  for  testing,  and  procurement  at  substan- 
tially less  cost  than  straight  commercial  charters.  For  this  reason  the  70-ton 
boom  ships  (second  test  preference  ranking)  are  recommended  for  the  LOTS  pretest. 
The  additional  10  tons  of  boom  capacity  will  not  have  a major  impact  on  deploy- 
ment evaluation. 

CONTAINERSHIP  SELECTION 

In  selecting  an  appropriate  containership,  overall  cargo  and  operating 
characteristics  were  compared  to  evaluate  ship  suitability  and  availability  for 
LOTS  main  and  pretests.  (See  Appendix  A,  Ship  Suitability  and  Availability, 
for  detailed  tables  and  characteristics.)  In  the  U.  S.  merchant  fleet  there  are 
91  NSS  container  vessels  of  22  different  hull  types.  For  pretesting,  this  list 
can  be  slightly  expanded  by  adding  16  self-sustaining  containerships  of  five 
different  hull  designs  which  are  an  option  if  no  suitable  NSS  containerships  are 
available. 

Approximately  63  percent  of  the  NSS  containerships  (57  ships)  are  located 
or  have  ports-of-call  on  the  East  Coast.  Of  these,  about  half  (33)  are  designed 
to  accommodate  20-foot  containers,  while  most  of  the  remainder  accommodate  35-foot 
containers. 

Based  on  the  criteria  established,  containerships  were  compared  in 
Appendix  A to  determine  the  preferred  containership  (in  this  case,  the  most  repre- 
sentative ship  type)  and  alternatives  (ships  not  fitting  the  basic  criteria  estab- 
lished above,  but  ones  which  could  be  used  as  a substitute).  Table  12  lists  these 
ships  in  their  order  of  preference.  The  relevant  differences  between  the  number 
one  and  two  preferences  were  minimal  except  that  the  C685  is  not  committed  under 
the  SRP  while  the  C573  is.  Because  the  C685  is  faster,  slightly  larger,  and  has 
a 70-ton  boom  for  accommodating  other  types  of  cargo  (such  as  vehicles),  its 
preference  rating  was  slightly  higher  than  the  C573. 

One  other  major  factor  in  ship  selection  is  East  Coast  availability. 
Diversion  of  a West  Coast  ship  for  testing  would  probably  result  in  excessive 
costs,  unless  that  ship  is  available  in  conjunction  with  scheduled  yard  work 
at  an  East  Coast  facility. 

Detailed  pretest  descriptions  and  the  rationale  for  their  development 
are  contained  in  Section  D which  follows. 

-^See  Section  D under  "General"  for  further  discussion  of  this  test. 
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TABLE  11 
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PREFERRED  CONVENTIONAL  BREAKBULK  SHIPS*  FOR 
LOTS  SYSTEM  DEPLOYMENT  SUPPORT 


Operational 

Preference 

Test 

Preference 

Hull 

Type 

No.  Hulls 
Available 

Boom 

Capacity 

Speed 

Ownership 

1 

8 

C466 

10 

80 

20 

Lykes  Bros, 

2 

7 

C460 

6 

75 

21 

Moore-McCormack 

3 

3 

C464** 

7 

70 

21.8 

Prudential-Grace 

4 

2 

C457** 

11 

70 

21 

U,  S,  Lines 

5 

6 

C333 

6 

75 

18 

Moore-McCormack 

6 

5 

C376 

5 

75 

18.6 

Delta 

7 

4 

C4A1&C 

4 

70 

17 

James  River  Transport 
Mohawk,  and  Central -Gulf 

8 

1 

C41 

22 

60 

20 

Waterman,  Pac.  Far  East 

Lines,  States  Steamship 
Co. , etc. 


i 


* Does  not  include  22  additional  ships  of  five  different  hull  types  ranked 

below  the  C41. 


TABLE  12 


PREFERRED  AND  ALTERNATIVE 
LOTS  TEST  CONTAINERSHIPS 


Preferred  Containershios 


Hull  No.  Ships  with 

Tvoe  This  Hull  Type 

No.  Ships  This 
Hull  Type- 
East  Coast 

Twenty-Foot 
Container  Capacity 

Speed 

Owner/ 

Operator 

NON-SELF-SUSTAINING 

C685  8 

4 

1,100 

22.6 

Farrel 1 

C573  5 

5 

1,076 

20 

AEL 

C61W  8 

8 

1,009 

20 

U.S.L. 

C768  8 

8 

1,258 

22.5 

U.S.L. 

SELF-SUSTAINING 

(Total  25) 

None 

Alternative  Containerships 

Hull  No.  Ships  with 

Type  This  Hull  Type 

No.  Ships  This 
Hull  Type- 
East  Coast 

Container  Capacity 
and  Size 

Speed' 

Owner/ 

Operator 

NON-SELF-SUSTAINING 
SL-7  8 

4 

1,096-35' 

/ 

33 

SL 

C788  2 

2 

759-35' 

23 

SL 

SL-18  2 

2 

759-35' 

23 

SL 

C4-J  4 

4 

609-35' 

17 

SL 

C4J1  2 

2 

622-35' 

17 

SL 

EXC4  4 

4 

481-40' 

17 

PRMSA  & SL 

SELF-SUSTAINING 

(Total  18) 

C4JC  3 

3 

602-35' 

17 

SL 

T3J  4 

4 

476-35' 

15.5 

SL 

(Total  7) 
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D.  DESCRIPTION  OF  SHIP  PRETESTS  FOR  LOTS 
SYSTEM  DEPLOYMENT 


GENERAL  ^ 

Ship  pretests  have  been  designed  to  provide  the  means  for  verification 
of  capabilities  and,  by  extrapolation  of  the  data  collected,  to  serve  as  a basis 
for  evaluation  of  alternatives  in  LOTS  system  deployment  analysis.  The  pretests 
will  verify  certain  loading  and  unloading  capabilities  not  previously  demonstra- 
ted but  required  for  ships  to,  support  the  deployment  of  the  largest  and  heaviest 
LOTS  system  equipment.  The  pretests  are  designed  to  examine  a broad  range  of 
alternative  methods  of  deployment  rather  than  a few  limited  options  in  order  that 
optimized  loads  can  be  developed  on  a more  empirical  basis.  They  will  also  pro- 
vide a basis  from  which  to  extrapolate  data,  first,  on  times  to  load  and  unload 
equipment  and,  second,  on  potential  material,  manpower,  and  other  resource  require- 
ments. 


After  selection  of  ship  types  for  pretesting,  weight-critical  equipment 
or  equipment  having  special  stowage  considerations  (i.e.,  shoring  and  chocking) 
was  assigned  to  each  ship  to  be  test  loaded.  To  determine  if  some  mission  capa- 
bility could  be  embarked  and  still  keep  the  total  amount  of  equipment  to  a mini- 

mum, an  order  of  priority  for  testing  was  established  based  on  several  factors  in- 
cluding each  equipment  item's  mission-essential  relationship  to  a LOTS  operation. 
For  example,  if  a ship’s  boom  capacity  precluded  loading  more  than  60  long  tons, 

then  an  attempt  was  made  to  identify  at  least  one  item  of  lighterage,  one  crane, 

and  a causeway  section  or  a barge  (as  appropriate)  that  was  within  the  lift  capa- 
bility. This  appears  possible  since  within  each  of  these  equipment  categories 
there  are  options-  such  as  the  example  illustrated  in  Table  13  below  (categorized 
by  weight)  from  which  a load  could  be  selected  to  fit  the  criteria.  It  should  be 
noted  that  priority  for  testing  does  rot  imply  an  operational  priority  or  test 
sequence  of  loading  or  unloading. 


> ■ 
* 1 
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TABLE  13 

MAJOR  EQUIPMENT  OPTIONS  FOR  LOADING 


Lighterage  Options 
LCU-180  long  tons 

3 X 15  Causeway 
60.3  long  tons 

LCM8-57.8  long  tons 

LACV-30-27.7  long 
tons 


Crane  (Disassembly)  Options 

250-ton  (tactical)  - 98.2 
long  tons 


Causeway/Barge  Options 

"B"  DeLong  - 650 
long  tons 


140-ton  (assembled)  - 72.3  3 x 15  causeway  - 

long  tons  60.3  long  tons 


250-ton  (administrative)- 
54.4  long  tons 

140-ton  (tactical)  - 42 
long  tons 


Having  identified  the  lifts  to  be  made  and  the  ship  space  available 
for  loading,  a load  analysis  was  made  to  determine  the  maximum  capacities  of 
each  ship  type  (breakbulk,  heavy-lift  breakbulk,  LASH,  SEABEE,  and  NSS  container- 
ship)  to  acconmodate  these  major  items  of  selected  LOTS  heavy  equipment.  (Accom- 
modating all  LOTS  test  lifts  in  a single  test  "shipload"  minimizes  costly  charter 
fees.)  Equipment  loading  options  were  determined  by  first  calculating  the  total 
usable  deck  space  on  each  ship  with  each  particular  heavy  equipment  item 
that  could  be  loaded  on  that  ship  type  (for  example,  loading  the  weather  deck 
of  a containership  to  capacity  with  12  LCM8s,  then  seven  LACV-30S,  etc.).  Then, 
using  a line  diagram,  deck  space  trade-offs  were  made  to  develop  a mixed  load 
that  included  all  heavy  equipment  items,  or  at  least  as  many  as  usable  deck  space 
permitted.  This  approach  initially  helped  determine  the  amount  of  equipment, which 
could  be  loaded  as  well  as  providing  a tool  for  visualizing  ship  capacities. - 


A key  feature  in  the  conventional  breakbulk  and  LASH  ship  pretests  is 
the  feasibility  of  loading  the  P&H  6250  carrier  in  an  LCM8.  "^his  load  configuration 
may  be  critical  to  the  successful  deployment  of  the  250-ton  crane  in  instances  where 
sealift  for  LCDs  is  not  available.-  If  feasible  it  will  provide  for  heavy  crane 
deployment  by  the  majority  of  the  ships  in  the  U.  S.  merchant  fleet.  There  are 
several  special  matters  to  consider  in  this  regard.  The  P&H  6250  must  be  disas- 
sembled into  its  administrative  shipping  configuration  in  order  to  be  transported 
by  the  LCM8.  The  margin  of  difference  in  the  size  of  the  carrier  and  the  well  deck 
of  the  LCM8  is  very  small  (see  Figure  7 ).  Also,  the  carrier  has  a low  center  of 
gravity  and  its  tridems  do  not  have  individual  suspension,  making  the  carrier's 
drive-on/drive-off  operation  difficult.  As  a result,  the  LCM8's  well  deck  will 
require  special  ramping  and  possibly  a load  spreader  if  the  deck  is  not  suffi- 
ciently reinforced.  These  limitations  should  be  physically  checked  and  any  modi- 
fication identified  as  soon  as  practicable  after  the  crane  is  available. 


-'^These  "capacity  diagrams"  are  referred  to  in  subsequent  discussions  of  load- 
ing  and  unloading  and  are  contained  in  the  individual  ship  pretest  descrip- 
tions that  follow. 

2/ 

-Another  possible  alternative  to  the  LCM8  as  a lighter  for  the  6250  carrier  is  the 
causeway  ferry.  Although  probably  more  of  a stability  problem  than  the  LCM8, 
it  should  be  investigated  if  dimensional  or  other  constraints  rule  out  the 
use  of  the  landing  craft. 
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Finally,  it  should  be  noted  that  the  equipment  recommended  for  loading 
is  not  intended  to  limit  or  preclude  the  Joint  Test  Director  from  including 
additional  equipment  on  any  of  the  test  ships.  Such  test  add-ons  are  encouraged 
so  long  as  they  can  be  accommodated  within  the  time  and  resources  available  and 
will  not  jeopardize  the  primary  joint  test  objectives.  j 

In  the  paragraphs  which  follow,  there  are  included  several  ship  diagrams  4 

wit;h  templates  added.  These  diagrams  are  intended  to  illustrate  feasible  load  i 

concepts  but  are  not  intended  to  replace  deck  or  profile  diagrams  which  would  be  r. 

required  in  the  final  load  planning,  nor  are  they  intended  to  restrict  test  per-  | 

sonnel  as  to  the  final  locations  of  equipment  loaded.  |j 

CRANE  SHIP-TO-SHORE  MOVEMENT  AND  REASSEMBLY  SUBTESTS 

The  critical  nature  of  the  shores! de  crane  subsystem  to  the  Army  LOTS 
concept  warrants  a series  of  subtests  which  can  be  accomplished  in  conjunction 
with  the  ship  pretests.  The  ship-to-shore  movement  and  the  reassembly  of  both 
the  140- ton  and  the  250- ton  cranes  from  various  disassembled  configurations  will 
be  accomplished  as  extensions  of  two  of  the  ship  deployment  evaluations.  To  pre- 
clude unnecessary  wear  and  maintenance,  pretests  have  been  designed  to  avoid 
repeated  reassembly  operations  of  the  cranes  wherever  possible.  For  example, 
having  reassembled  the  250-ton  crane  during  the  conventional  breakbulk  ship  test, 
there  is  no  requirement  to  completely  repeat  this  event.  In  the  LASH  and  con- 
tainership  tests,  the  carrier  will  be  the  only  component  involved.  Table  14 
summarizes  crane  subtest  and  the  levels  of  disassembly  involved.  Further  dis- 
cussion is  contained  in  the  paragraphs  relating  to  the  pretests  aboard  each  type 
ship. 

CONVENTIONAL  BREAKBULK  SHIP 
Pretest  General  Description 

This  pretest  involves  the  loading  in-port  of  selected  LOTS  system  items 
and  movement  to  an  off-shore  anchorage  for  ship  unloading.-^'  Both  the  140-ton 
and  the  250-ton  cranes  will  be  lightered  to  a pre-selected  and  prepared  beach  site 
where  they  will  be  placed  in  an  operational  status.  The  sequencing  of  unloading 
will  be  such  as  to  release  the  ship  as  soon  as  possible.  Estimated  duration  of 
ship  use  time  is  three  days. 

For  this  pretest  it  is  recommended  that  an  MSC  controlled  fleet  ship 
with  a 70-ton  boom  capacity  be  employed.  These  ships  (hull  designation  C457)  have 
the  capability  to  use  their  jumbo  boom  on  two  holds  (three  and  four)  and  have  three 
separate,  side-by-side  hatch  squares  (each  42 '6"  by  16').  Such  features  provide 
more  than  twice  the  amount  of  space  available  for  stowage  on  most  ships.  Figures 
illustrates  various  capacities  for  the  LOTS  heavy  equipment  selected  for  loading. 

— 

-It  is  not  possible  to  outline  specifically  the  sea  and  weather  conditions  under 
which  the  off-shore  discharge  phase  of  the  ship  tests  should  be  conducted.  As 
a general  guideline,  however,  planning  for  these  pretests  should  tend  toward 
maximizing  favorable  conditions  rather  than  attempting  to  obtain  a wider  range  of 
environmental  exposure.  While  the  latter  approach  may  be  appropriate  for  certain 
sustained  events  in  the  main  tests,  it  is  not  considered  practical  or  prudent 
during  these  initial  evaluations.  Restrictions  of  ship  owners/operators  may  also 
have  a major  influence  on  scope  of  the  proposed  off-shore  operations. 
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SHIP-TO-SHORE  MOVEMENT  AND  REASSEMBLY 
SUB-TEST  FOR  LOTS  CRANES 


Carrier  only.  250-ton  crane  is  pretest  load,  but  no  other  component  included.  Therefore,  there  is  no  reassembly  of  the  250-ton  crane. 


EQUIPMENT  LOADING  OPTIONS 
0457  BREAKBULK  SHIP 


The  pretest  load  will  include  the  following  items  loaded  on  the  weather 
deck:  an  LCM8,  a 3 x 15  causeway  assembly,  the  carrier  of  a P&H  6250  (250-ton) 

crane,  and  a LACV-30.  The  below  decks  load  will  include  the  following  equipment: 
a P&H  9125  (140- ton)  crane  with  the  counterweight  and  boom  removed  (except  for 
the  base);  the  140-ton  crane  boom  sections  (mobile-loaded  on  an  appropriate  semi- 
trailer, as  preferred,  to  reduce  shoring  and  handling  requirements  and  minimize 
possible  damage);  the  counterweights  for  the  250-ton  crane;  the  boom  sections 
of  the  250- ton  crane  (mobile-loaded,  if  preferred);  a topi i ft  loader;  and  a 
sideloader.  Figure  9 is  a profile  and  overhead  loading  diagram  for  pretest  loads. 

Rationale 

One  of  the  primary  functions  of  the  test  is  to  determine  whether  the 
recommended  equipment,  which  approaches  the  weight  capacity  of  the  boom  and  which 
is  outsized  as  well,  can  be  loaded  in-port  and  unloaded  off-shore  without  use  of 
special  facilities.  If  feasible,  a deployment  means  will  be  relatively  assured 
for  a ship-to-shore  and  shoreside  LOTS  capability.  This  pretest  and  the  capa- 
bilities being  evaluated  are  based  on  the  assumptions  that: 

• Disassembly  of  the  250-ton  crane  into  its  administrative 
shipping  configurati.on  and  subsequent  reassembly  in  the 
LOTS  o^ective  area  is  feasible  within  the  scenario  time- 
frame. - 

• In  a situation  where  no  LCD  lift  is  available,  LCM8s  and 
causeway  sections  could  provide  ship-to-shore  lighterage 
support  for  unloading  heavy  equipment  and  cargo.  The  LACV-30 
could  be  used  as  additional  support  for  appropriate  cargo/ 
equipment  and  subsequent  container  throughput  operations. 

A second  primary  objective  of  this  pretest  is  to  evaluate  the  capability 
to  reassemble  the  250-ton  crane  in  the  field.  This  is  the  only  ship  pretest  in 
which  the  140-ton  crane  will  be  used  to  completely  reassemble  the  250- ton  crane 
from  its  administrative  diassembled  configuration  (see  Table  14). 

The  equipment  selected  for  test  loading  can  provide  a limited  capability 
for  the  ship-to-shore  movement  of  LOTS  equipment  and  together  with  the  assembled 
cranes  can  subsequently  provide  a limited  throughput  of  containers,  provided  there 
is  a ship  unloading  subsystem.  Verification  of  this  deployment  capability  will 
eliminate  total  reliance  on  a limited  number  of  specialized  ships  as  the  only 
means  available  to  deploy  a LOTS  system  capability.  (See  discussion  under  "Heavy- 
Lift  Breakbulk  Ship"  which  follows.) 

The  causeway  to  be  embarked  could  be  used  as  lighterage  to  assist  the 
ship  unloading.  It  has  more  space  for  loading  than  an  LCM8  but  requires  tug 
support  or  some  means  of  propulsion.  The  primary  objective  in  loading  the  cause- 
way section  is  to  test  alternative  means  for  its  deployment  rather  than  its 
lighterage  role. 

-^The  effect  of  assembly  time,  once  more  field  experience  and  data  are  available, 
will  be  considered  in  the  overall  LOTS  deployment  analysis. 
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TON  CRANE 

TON  CRANE  UPPER  {mobde  loaded) 
CRANE  COUNTERWEIGHT 
TON  CRANE  COUNTERWEIGHTS 


FIGURE  9.  C457  BREAKBULK  SHIP  (70-TON  BOOM)  LOADING 

PLAN  FOR  SELECTED  LOTS  HEAVY  EQUIPMENT 


I 

I 


Loading  Procedures  j 

The  lower  holds  of  both  numbers  three  and  four  holds  have  the  greatest  | 

clearances  (approximately  17  feet).  Thus,  either  is  suitable  for  loading  the  I 

height-critical  items  of  equipment,  such  as  the  P&H  9125  crane  and  the  mobile-  i 

loaded  upper  section  of  P&H  6250  crane,  both  of  which  should  be  approximately  I 

13  feet.-^  I 

The  sequence  of  loading/unloading  is  relevant  to  the  extent  that  the 
sooner  the  140-ton  crane  is  off-loaded,  the  sooner  it  can  be  assembled  in  prepar- 
ation to  assist  with  the  P&H  6250  on  the  beach.  Thus,  the  hatch  squares  within 
the  hold  on  the  two  levels  directly  above  these  items  must  either  be  cleared 
immediately  or  not  overstowed.  Configuration  of  the  hatch  squares  and  holds  of 
the  ship  are  such  that  one  item  can  be  off-loaded  from  the  port  side  and  the 
other  from  the  starboard  side  (with  the  center  hatch  square  overstowed  and  closed, 
or  opened, as  required). 

It  may  be  desirable  that  the  hatch  square  to  the  level  above  the  P&H  9125 
remain  open.  This  will  expedite  ship  loading  and  the  crane’s  readiness  for  oper- 
ations on  the  beach.  With  the  greater  overhead  clearance  the  crane's  boom  base 
and  gantry  can  be  left  intact.  (The  boom  base  is  required  in  order  for  the  crane 
to  be  able  to  reassemble  the  remaining  sections  of  its  boom.)  There  are  alter- 
natives to  leaving  the  hatch  square  open  but  they  are  more  time  consuming. 

The  P&H  6250  upper  (mobile-loaded)  would  be  loaded  next  on  the  side  of 
the  ship  opposite  from  the  P&H  9125.  The  hatch  squares  can  accommodate  the  M162 
low  bed  semi-trailer  (37'3"  x 12').  The  width  of  the  crane  upper  is  approximately 
the  same  as  that  of  the  trailer. 

Other  trailers  of  lesser  capacity  with  prime  movers,  as  required,  could 
be  preloaded  with  boom  sections  and  counterweights,  and  stowed  either  in  the  lower 
hold  with  the  cranes  or  on  the  next  level  above.  This  will  facilitate  unloading 
counterweights  and  boom  sections  from  lighterage  at  the  beach  if  they  are  mobile- 
loaded  on  trailers.  The  sequence  for  unloading  should  permit  a prime  mover  for  the 
trailers  and  those  trailers  carrying  the  boom  sections  for  the  P&H  9125  to  be  off- 
loaded either  just  before  or  just  after  the  unloading  of  the  P&H  9125.  The  P&H 
9125  counterweights  would  be  the  next  elements  to  be  off-loaded  after  the  crane. 

While  the  P&H  9125  is  being  reassembled  on  the  beach,  the  P&H  6250 
components  will  be  unloaded.  Therefore,  in  the  loading  process  these  items  should 
precede  the  9125  components.  The  last  item  which  should  be  unloaded  is  the  carrier 
for  the  P&H  6250.  The  LCM8  will  probably  require  ramping  to  facilitate  beach  un- 
loading. I 


-^The  clearance  requirement  for  the  upper  is  unknown  since  the  crane  has  just 
been  received  and  as  yet  plans  for  mobile-loading  have  not  been  fully  developed. 
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Below  is  a recommended  sequence  for  loading/unloading. 


Loading 


1. 

LACV-30 

k 

2. 

P&H  6250  carrier 

(Ship's  70-ton  boom  changes 

2. 

holds) 

3. 

P&H  6250  upper 

3. 

4. 

P&H  6250  components 

4. 

5. 

P&H  9125  counterweight 

5. 

6. 

P&H  9125  boom  sections 

6. 

7. 

P&H  9125 

7. 

8. 

Beach  support  equipment  (i.e., 
sideloader,  D-8  dozer,  etc.) 

8. 

9. 

Causeway  section 

9. 

10. 

LCM8 

10. 

C41-C457  HULL  COMPARISON 


Unloading 

LCM8 

Causeway  section 

Beach  support  equipment  (i.e.,  side- 
loader,  D-8  dozer,  soil  stabilization 
materials) 

P&H  9125 

P&H  9125  boom  sections 

P&H  6250  counterweight 

P&H  6250  components 

P&H  6250  upper 

(Boom  shifts  holds) 

P&H  6250  carrier 

LACV-30 


The  C41  was  selected  initially  as  the  most  representative  test  type 
breakbulk  ship  (see  section  entitled  "Ships  to  be  Employed").  It  is  considered 
the  breakbulk  ship  with  minimum  capability  of  deploying  a nucleus  LOTS  system. 
Because  it  is  not  included  in  MSC  assets,  a substitute  ship  type  was  recommended. 
The  same  loads  which  are  to  be  pretested  in  the  C457  hull  type  would  have  been 
test  loaded  on  the  C41.  Because  the  jumbo  boom  on  a C41  can  be  used  at  only 
one  hatch,  two  modes  of  loading  would  have  been  required.  Figures  10  and  11 
illustrate  the  proposed  loading  scheme  using  the  C41.  (This  data  is  shown  for 
information  only.) 

HEAVY-LIFT  BREAKBULK  SHIP 

Pretest  General  Description 

Pretesting  of  the  heavy-lift  breakbulk  ship  will  consist  of  the  in-port 
loading  and  off-shore  discharge  of  some  of  the  heaviest  and  largest  LOTS  equip- 
ment items.  The  test  is  intended  to  confirm  the  ship's  capabilities  to  accom- 
modate a mixed  on-deck  load  of  LCUs  and  causeway  sections  and  to  check  the  ade- 
quacy and  safety  of  the  special  slings  and  rigging  devices  and  procedures  that 
will  be  required  to  accomplish  test  lifts.  Equipment  to  be  loaded  will  include 
a 3 X 15  causeway  section  and  two  LCUs  on  the  weather  deck.  Below  decks  loading 
will  include  a LARC-LX,  beach  support  equipment  (such  as  a 0-8  dozer),  and  the 
tactically  disassembled  140-ton  and  250-ton  cranes.  The  hold  capacity  of  a heavy- 
lift  ship  is  illustrated  in  Figure  12  as  well  as  the  weather  deck  capacity  above 
that  hold.  The  suggested  pretest  load  is  illustrated  in  Figure  13. 
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FIGURE  11  C41  BREAKBULK  SHIP  PRETEST  LOADING  PLAN  FOR 

SELECTED  LOTS  HEAVY  EQUIPMENT  - MODE  II 


SELECTED  LOTS  HEAVY  EQUIPMENT 


I 

! 


Rationale 


Only  two  breakbulk  ships  in  the  L).  S.  merchant  flag  fleet  have  the 
capability  to  load  and  off-load  LCDs  and  other  heavy,  outsized  LOTS  system 
equipment  in  an  essentially  ready-for-use  configuration.  The  fact  that  only 
two  such  ships  are  in  service  is  a recognized  limitation  of  their  deployment 
potential.  However,  because  they  do  have  such  unique  capabilities  and  are 
available  as  part  of  the  MSC  controlled  fleet  tends  to  enhance  their  relative 
significance.  In  situations  where  neither  amphibious  shipping  nor  SEABEE  ships  are 
expected  to  be  available,  they  provide  the  only  assured  LCD  deployment  capa- 
bility. 


In  addition  to  assisting  in  evaluating  deployment  alternatives,  other 
loading  and  unloading  data  such  as  the  time  required  to  switch  rigging  to  boom- 
marriages  can  be  confirmed  in  the  test  events.  Also,  requirements  such  as 
quantities  and  types  of  griping  and  chocking  gear  for  causeway  sections  can  be^ 
validated  prior  to  the  main  test.  These  data  will  contribute  to  refinement  of 
main  test  planning  and  subsequent  deployment  analysis. 

Although  never  employed  in  a LOTS  role,  it  is  recognized  that  of  all 
the  ship  types  in  the  pretest  design,  the  heavy-lift  breakbulk  ship  has  most 
extensively  demonstrated  its  capability  to  handle  loads  comparable  to  those 
which  comprise  the  LOTS  system  equipment.  It  would  be  highly  desirable  to 
physically  verify  these  capabilities  in  an  off-shore  environment. 

Becau'e  of  the  time  required  for  unloading  the  250-ton  crane  from  an 
LCU  (estimated  to  be  rather  lengthy),  one  LCD  was  included  in  the  test  load  to 
be  dedicated  for  this  purpose.  The  second  LCU  '/ill  be  used  for  off-loading 
the  remaining  equipment. 

Loading  and  Unloading  Procedures 

Hold  number  three  has  the  greatest  overhead  clearances  and  is  better 
suited  for  loading  the  two  cranes  tactically  disassembled  (with  their  boom  bases 
and  gantrys  intact).  The  hold  has  sufficient  space  available  to  stow  trailers 
(mobile-loaded  with  boom  sections)  and  other  supporting  equipment  that  may  be 
required.  Beach  preparation  materials  and  equipment  could  also  be  stowed  in 
this  space,  although  it  may  be  necessary  to  use  both  levels  depending  on  the 
amount  of  additional  equipment  to  be  included. 

The  sequence  for  loading  and  unloading  is  based  on  the  concept  that 
the  two  cranes,  which  are  the  slowest  items  to  off-load  from  landing  craft,  would 
be  the  last  items  to  be  unloaded  from  the  ship  to  facilitate  early  release  of  the 
ship.  As  with  other  breakbulk  ships,  cargo  to  be  off-loaded  first,  must  be 
loaded  last.  If  this  recommended  sequence  is  overly  restrictive,  modifications 
may  be  recommended  by  the  Joint  Test  Director. 


L 


57 


Loading 

Unloading 

1. 

P&H  6250  boom  sections 

1. 

LCU 

2. 

P&H  9125 

2. 

Causeway  section 

3. 

P&H  6250 

3. 

LCU 

4. 

P&H  9125  boom  sections 

4. 

LARC-LX 

5. 

Beach  support  equipment  (as 
required) 

5. 

Beach  support  equipment  (as 
required) 

6. 

LARC-LX 

6. 

P&H  9125  boom  sections 

7. 

Causeway  section 

7. 

P&H  6250 

8. 

LCU  (load  at  anchor) 

8. 

P&H  9125 

9. 

LCU  (load  at  anchor) 

9. 

P&H  6250  boom  sections 

As  noted  above,  loading  of  the  LCUs  must  be  accomplished  at  anchor. 

The  ship  must  load  from  both  sides  and  conduct  ballasting  operations  during 
the  loading. 

Slings,  rigging,  lifting  shackles,  spreader  bars,  and  chocking  gear 
will  be  critical  to  successful  tests.  Liaison  with  the  ship  will  provide  some 
indication  as  to  how  much  of  this  equipment  the  ship  can  provide,  but  for  the 
most  part  these  are  responsibilities  of  the  embarking  force  to  provide  when  out- 
sized  equipment  is  to  be  loaded. 

CONTAINERSHIP 

Pretest  General  Description 

This  pretest  will  consist  of  the  in-port  loading  of  a containership 
and  the  off-shore  discharge  of  the  selected  LOTS  system  equipment  using  140- 
ton  mobile  cranes  on  the  deck  of  the  vessel.  Based  on  current  delivery  fore- 
casts, cranes  to  be  used  in  the  pretest  will  be  those  organic  to  the  terminal 
service  company  (container).  They  are  also  considered  to  be  generally  repre- 
sentative, for  pretest  purposes,  of  the  mobile  cranes  that  are  being  evaluated 
as  part  of  the  Navy-sponsored  crane-on-deck  project. 

The  equipment  to  be  loaded  and  unloaded  by  the  cranes  will  be  an  LCM8, 
LACV-30,  3 X 15  causeway,  and  carrier  for  the  P&H  6250  (250-ton)  crane.  Tempor- 
ary hatch  bridging  will  have  to  be  provided  pending  design  and  procurement  by 
the  Navy  of  its  standardized  bridging  kit  which  is  expected  to  be  available  for 
the  main  LOTS  test,  but  not  for  the  pretests.  Figure  14  gives  the  weather  deck 
load  capabilities  of  a C685  with  the  cross-hatched  area  representing  the  capa- 
bility to  handle  a mixed  type  load.  The  quantity  of  equipment  to  be  loaded  by 
the  two  cranes  is  given  in  the  second  column.  If  single  crane  lifts  prove  in- 
feasible, test  lifts  are  recommended  using  two  cranes  in  tandem.-  If  a tandem 


-^Technical  feasibility  of  single  crane  lifts  should  be  established,  prior  to 
acquiring  the  test  ship,  by  shoreside  crane  trials  using  test  weights  and 
calculated  radii  which  simulate  ship  test  conditions. 
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FIGURE  14.  ILLUSTRATION  OF  C685  NSS  CONTAINERSHIP  CAPACITIES  FOR 
SELECTED  LOTS  HEAVY  EQUIPMENT  DEPLOYMENT 


crane  test  is  required,  the  LARC-LX  should  be  added  as  a test  item.  Figure  15 
illustrates  the  ship  load  for  the  preferred  approach  to  the  pretest  (single 
crane)  and  Figure  16  illustrates  the  ship  load  and  unloading  sequence  to  be 
used  if  tandem  lifts  are  required. 

Rationale 


The  characteristics  and  anticipated  employment  of  a containership  tend 
to  make  it  less  suitable  as  a LOTS  system  deployment  ship  than  the  breakbulk 
ships  or  bargeships.  However,  containerships  represent  a substantial  part  of 
the  total  sealift  assets  and  have  a high  probability  of  being  employed  in  a 
contingency.  Without  prejudging  the  merit  of  such  an  approach,  it  is  recom- 
mended that  the  feasibility  of  using  this  type  ship  be  evaluated  as  a potential 
supplement  to  other  type  vessels  normally  considered  for  a deployment  role. 

As  indicated,  the  tandem  lift  pretest  is  a contingency  option  to  be 
used  only  if  single  lifts  prove  to  be  infeasible.  Calculations  show  the  single  lifts 
can  be  made  but  approach  the  safety  limits  of  the  crane.  Upon  delivery  of  the 
cranes,  initial  checks  are  required  to  verify  these  calculations. 

If  tandem  lifts  are  required,  a considerable  amount  of  repositioning 
of  cranes  on  the  deck  of  the  ship  will  be  required.  Without  a suitable  hatch 
bridging  kit,  which  will  not  be  available  during  the  pretest  period,  a great 
deal  of  time  will  be  consumed  in  moving  both  the  cranes  and  expedient  deck 
reinforcing  materials  into  position  for  each  lift.  Also,  space  must  be  left 
at  appropriate  locations  between  the  items  to  be  loaded  and  off-loaded,  (see 
Figure  16)  to  permit  the  repositioning  of  the  cranes,  thus  degrading  the  ship's 
load  carrying  potential. 

Loading  and  Unloading  Procedures 

The  140-ton  cranes  can  be  moved  to  the  test  ship  by  LCUs  and  loaded 
directly  using  a service-owned  100- ton  floating  crane  (YD  or  BD).  The  mobile 
cranes  should  be  located  at  opposite  ends  and  at  opposite  sides  of  the  ship  for 
maximum  stability.  To  minimize  the  cranes'  required  lifting  radii,  the  ship's 
deck  should  be  shored  and  reinforced  up  to  the  gunwales  and  the  long  axis  of 
the  crane  should  be  perpendicular  to  the  centerline  of  the  ship  with  the  carrier 
cab  inboard.  (For  deck  and  hatch  reinforcement  calculations  see  Appendix  C.) 

This  arrangement  will  provide  the  crane  with  the  greatest  lifting  capacity  possible. 

A technique  that  could  be  used  to  reduce  the  radius  for  lifting  the  causeway  section 
is  illustrated  in  Figure  17. 

To  help  maintain  stability  and  trim  of  the  ship  during  unloading  oper- 
ations and  to  minimize  crane  load  derating  which  may  result  from  listing,  it  may 
be  desirable  to  match  drafts  by  having  each  crane  simultaneously  off-load.  An 
LCM8  would  be  off-loaded  from  the  port  side  aft  while  a causeway  section,  which 
approximates  the  weight  of  the  LCM8,  would  be  off-loaded  forward  over  the  star- 
board side.  This  procedure  would  be  repeated  for  the  LACV-30  and  the  250-ton  crane 
carrier.  In  the  latter  case,  the  weight  difference  between  the  two  items  should 
not  cause  any  appreciable  listing.  If  the  tandem  crane  test  is  required,  it  may 
be  necessary  for  the  cranes  to  be  positioned  closer  to  the  ship's  centerline  since 
any  counterbalancing  effect  will  be  lost.  The  sequence  of  unloading  for  a tandem 
lift  is  discussed  in  Figure  16.  The  only  significant  priority  for  unloading  is  that 
the  LCM8,  which  would  be  used  as  lighterage  for  the  crane  carrier,  most  precede  it. 
Table  15  provides  current  information  on  LCM8  weights  and  other  lift  data. 
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FIGURE  15.  C685  NSS  CONTAINERSHIP  PRETEST  LOADING  PLAN  FOR 

SELECTED  LOTS  HEAVY  EOUIPMENT  (SINGLE  CRANE  LIFTS) 


FIGURE  16  C685  NSS  CONTAINERSHIP  PRE-TEST  LOADING  PLAN  FOR 

SELECTED  LOTS  HEAVY  EQUIPMENT  (TANDEM  LIFTS) 


FIGURE  17,  PROPOSED  LIFTING  TECHNIQUE  FOR  LOADING 
AND  LAUNCHING  CAUSEWAY 
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TABLE  15 

LCM8  DATA  SUMMARY  " 
(Mod  1,  Steel) 


Length  (overall) 73. C 

MaxinJwn  

Height  (without  cradle) 

Draft  (light): 

Forward 3* 

Aft 3*6" 

Draft  (loaded): 

Forward 3' 

Aft 5.2’ 

Fuel  Capacity ,...C7D  gals. 

Fuel  Cersumption 3^.16  gals. /hr. 

Number  of  Crew 5 

Maximum  Displacei-ent 260,000  lbs. 

Hoisting  Wclght^^ 132,000  lbs. 

Light  Lead  Displacement"^ 12^,000  lbs. 

Cargo  Capacity-^/ 128,000  lbs. 

Cargo  Conparlirent  Dinensiens  (to  rar. p): 

Length A?.  75' 

Width  (naxiruT) 16' 

Width  at  Panp  Opening 1A.5' 

Hoisted  by Sling 

OiamctCM'  sling  cable 2" 

Height  of  Sling  (attached  for  lift1ng)V 1 24.5' 

Sling  Test  Requirements-^ 26S.800  lbs. 

tCKO  Lifting  Point  Safety  Factor  (tires  wt.  of  craft)"^ 6 
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References:  (a)  U.S.  Navy,  NAVSHIPS  090?’P20-0002 , (Chapter  9320),  haval^S^s  Technical  Manctal,  Poats  and  lifesaving 
Craft  (Incl.  Inflatable),  3oat  Hois'tirfr'and  Stov.a:;e,  and  Took  for  ricats^^end  Xraft  of  the 

U.S.  ^^a'vy. 

Reference:  Stclicn  V,  Table  1,  NAVSHIPS  D902"f'2Q-0n?  (Chapter  9820).  Coistirj  weight  is  defined  as.  "The  weight  the  beat 

completely  fitted  ou^  and  ready  for  se'rvTcc  v.’ftFTirF ujc'i y and  electrical  installatio:  s in  opc**cting  condition.  All  outfit, 
on  board  repair  parts,  navigational  and  lifesaving  tcjifiiert,  or  their  equivalent  weights  must  be  on  Lc?rd.  Weights  repre- 
senting the  crew  at  165  pounds  per  man  must  also  te  on  board;  fuel  tanl:s  must  be  full  except  for  special  cases." 

Reference:  Paragraph  9290.172  NAVSEA  0901-290-002.  Light  load  displacement  is  defined  as,  "The  welgfit  of  the  boat  complete- 
ready  for  service  with  machinery  and  eltctrical  ifiStallotion  in  operating  cordition,  fitted  with  all  navinaling  lights  and  life 
saving  gear,  but  without  ammunition,  stores,  complemf.nt , fuel  and  other  items  of  censurable  or  variable  load." 

^ This  is  a revised  capacity  to  he  published  by  NAVStA  in  ar  updated  version  of  NAVSCA  0902-S20-0002.  Referericc;  interview  wiU. 
Mr.  John  J.  I’olcscue,  N3LA  944321  of  23  Deeerr.l>er  197S, 

Reference:  Landing  Craft  Mechanized  LCM(8)-l-!od-l  Doat  Moisting  Gear,  Contract  Plan  LC'-'(8)  GAS  IC47024  dated  4 February  196S. 

Contract  plan  (see  fnolnote  -^)  requires  the  testiny  fif  each  leg  to  double  its  rormal  cntirlpaud  worlting  Iced  which  does  not 
readily  approach  the  moyinur.  capacity  of  the  cable  (srprexir ately  179  short  ton  safe  v;t»‘kii.g  lord). 

lifting  points  on  the  LCM8,  v/hile  dc-slered  to  acccf (p  foisting  koiglit  of  the  LC"3,  ore  required  by  U.  S.  bavy  design 
succificctions  to  t*;;.tort  six  tir  .s  the  weight  of  t*.c  cuft  in  orcer  to  accor-xjdate  stresses  resultant  fror.  surging  seas. 
(Reference:  hA'ySlA  Section  i,  paragraph  9(i20.]‘.4,  , The  mavitt*.  LU'J  preload  (a  61-short  Ion  PiM  6250 

carriei ) ard  (he  LfJ"  ' usclf  erprar  to'le  within  i'c*e  Sf  ucincatfcr>s,  although  exreed-rg  the  rrioff/'.v '‘ca  werUng  load  (see 
lASP  pretes*  descripMon  wMci.  felloes).  Cakulatlor.s  rcl.-ting  te  this  cepobiHly  ran  verified  ly  uoi'foU  office  of  th«_- 
Naval  Ship  [nglneering  Center,  whirh  possesses  the  rcqii'.Uc  drawings  and  specliicutlcrs  fer  acccr.pl fshirg  (his  t.  ,(i. 


f 


1 

1 


t J 


64 


. . ■ . 


LASH 

Pretest  General  Description 

For  LASH  pretests  the  ship  will  be  loaded  in-port  and  off-loaded  at  an 
anchorage  off-shore.  As  envisioned  in  this  report,  unloading  will  be  accomplished 
in  two  phases.  In  the  first  phase  LOTS  equipment  will  be  unloaded  from  landing 
craft  across  a Ft.  Story  beach  site  which  can  be  prepared  ahead  of  time.  In  the 
second  phase, equipment  and  barges  may  be  unloaded  at  a separate  site  in  conjunction 
with  "Solid  Shield  76"  exercises.  It  is  recognized  that  operational  constraints  may 
limit  unloading  to  one  objective  area.  The  test  description  is  predicated  on  a two- 
objective  area  scenario,  but  a change  would  not  affect  the  load/unload  sequence. 

The  phase  one  portion  of  the  pretest  will  be  the  only  event  which  in- 
cludes reassembly  of  the  140-ton  crane  from  a tactical  disassembly  configuration 
with  the  boom  base  removed.  Phase  one  of  the  pretest  involves  the  use  of  pre- 
loaded  LCM8  craft  and  a lift  beam  designed  for  employment  with  LASH 
ships.  Two  LCM8s  will  be  preloaded  with  boom  sections  (mobile-loadeo)  and 
the  counterweight  of  the  140-ton  crane.  Both  craft  will  be  loaded  simultaneously 
using  the  port  and  starboard  hook-up  points  of  the  lift  beam.  A third  LCM8  pre- 
loaded  with  the  140-ton  crane  (less  counterweight  and  boom  sections)  will  also 
be  loaded.  A fourth  LCM8  to  be  embarked  will  be  preloaded  with  a 250-ton  crane 
carrier.  A 20-ton  truck-mounted  crane,  which  will  be  used  to  assist  in  the  re- 
assembly of  the  140-ton  crane,  will  also  be  loaded.  The  final  item  to  be  loaded 
for  the  Ft.  Story  test  will  be  the  LACV-30,  subject  to  verification  that  such  a 
lift  is  feasible  with  the  LCM8  lift  beam.  Figure  18  illustrates  sample  loads 
for  the  LASH,  with  the  cross-hatched  area  representing  the  pretest  load. 

Equipment  to  be  loaded  for  the  phase  two  discharge  currently  includes 
three  causeway  sections  (3  x 15),  one  warping  tug  (3  x 15),  two  LCM6  causeway 
tender  boats,  and  a 30- ton  capacity  crane.  In  addition,  four  LASH  baroes  will 
be  loaded  with  cargo  for  discharge  operations  possibly  in  conjunction  with  the 
joint  "Solid  Shield  76"  Exercise. 

Rationale 


This  pretest  will  verify  the  ship’s  capability  to  lift  two  preloaded 
LCM8s  simultaneously  and  the  capability  to  load  an  LCM8  preloaded  to  near  maxi- 
mum authorized  weight  capacity  of  the  lift  beam  which  has  been  certified  for  a 
maximum  symmetric  lift  of  186  long  tons  and  an  asymmetric  lift  of  93  long  tons. 
Both  of  the  above  proposed  lifts  fall  within  these  specifications,  but  such  lifts 
have  never  been  tested  under  operational  conditions.  The  loading  and  discharge 
of  this  equipment  precedes  subsequent  shoreside  events  relating  to  the  ability 
and  timing  required  to  make  the  140-ton  crane  operational  in  the  field.  To  assist 
in  this  latter  operation,  a 20-ton  rough  terrain  crane  was  added  to  the  list 
of  equipment  to  be  embarked. - 

Within  the  context  of  the  overall  test  objectives,  it  is  considered 
appropriate  to  examine  alternative  deployment  means  for  causeway  sections  and 
other  selected  amphibious  support  equipment.  The  Navy-is  developing  techniques 
and  hardware  to  provide  such  a capability  on  the  LASH.-'  In  case  this  develop- 
mental effort  is  not  yet  completed,  it  should  be  possible  to  employ  some  interim 
loading  methods  such  as  counterweighting  the  causeway  sections  to  accomplish 
pretest  events. 


-^Smaller  materials  handling  equipment  such  as  a rough  terrain  forklift  may  be 
adequate  for  crane  reassembly  and  may  be  substituted  for  the  20- ton  rough 
terrain  crane  if  desired. 

^ One  such  item  of  equipment  is  a cantilevered  lift  beam  which  would  significantly 
enhance  LASH  ship  deployment  capability. 
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FIGURE  18  . ILLUSTRATION  OF  C981  LASH  CAPACITIES  FOR 
SELECTED  LOTS  HEAVY  EQUIPMENT  DEPLOYMENT 
(Includes  Solid  Shield  76  Proposed  Equipment  Load) 
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Loading  and  Unloading  Procedures 

Since  the  phase  one  equipment  must  be  unloaded  first,  it  should  be 
loaded  last.  Figure  19  is  an  illustrative  approach  to  the  weather  deck  posi- 
tioning of  the  proposed  C981  LASH  load.  The  two  smaller  cranes  are  positioned  on- 
deck,  but  conceivably,  they  could  be  stowed  on  top  of  the  causeway  sections  or  the 
causeway  sections  could  be  stacked  if  there  were  a shortage  of  deck  space.  In  the 
event  a modified  C881  is  available  an  approach,  as  illustrated  in  Figure  20,  could 
be  used. 

For  the  phase  one  unloading,  equipment  was  sequenced  so  that  the  LACV-30 
(the  largest  item)  would  be  first  off,  the  140-ton  crane  and  its  components  next, 
the  250-ton  carrier  (the  heaviest  item)  was  next,  and  the  20-ton  crane  (whicn 
requires  lighterage  that  was  previously  unloaded)  last.  For  the  phase  two  un- 
loading, equipment  was  sequenced  so  that  the  tender  boats  and  warping  tug  would 
be  the  first  off,  while  the  30-ton  crane  (which  will  be  loaded  onto  lighterage) 
is  last. 

The  recommended  sequence  for  loading  is: 


Phase  Two 

Phase  One 

1. 

30- ton  rough  terrain  crane 

7. 

Topi if t Loader 

2. 

3 X 15  causeway^ 

8. 

Si  deloader 

3. 

3 X 15  causeway—^ 

9. 

20-ton  crane 

4. 

3 X 15  causeway^ 

10. 

One  LCM8  preloaded  with  250-ton 

5. 

Warping  tug  (3  x IB)-'^ 

crane  carrier 

6. 

Two  LCM6  Tender  Boats 

11. 

Two  LCMSs preloaded  with  140- ton 
crane  booms  and  counterweight 

12. 

One  LCM8  with  140-ton  crane  (tactical 
disassembly). 
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Both  the  LCM8  preloaded  with  the  140-ton  crane  (less  boom  sections  and 
counterweight-  99.8  long  tons)  and  the  LCM8  preloaded  with  250-ton  crane  carrier 
(112.3  long  tons)  exceed  the  asymmetric  lift  limitations  and  must  be  loaded  using 
the  center  lifting  point  of  the  beam.  The  dual  LCM8  lift  assumes  that  all  five 
boom  sections  (approximately  seven  long  tons)  are  mobile-loaded  on  an  M127A2C 
trailer  (approximately  six  long  tons)  and  the  counterweight  (approximately  18  long 
tons)  is  loaded  on  an  M172A1  semi-trailer  (approximately  seven  long  tons).  These 
items  will  constitute  a symmetric  lift  of  162  long  tons. 

The  LACV-30  is  the  last  item  proposed  for  the  LASH  pretest.  Its  in- 
clusion is  contingent  upon  the  availability  of  an  adequate  lift  beam  or  suitable 
rigging  procedures.  It  will  probably  have  to  be  loaded  stern  first  since  its 
center  of  gravity  is  closer  to  the  aft  end.  The  major  problem  in  loading  the 
LACV-30  is  thought  to  be  the  height  of  the  craft  and  the  clearance  of  the  ship's 
upper  deck.  The  LACV-30  manufacturer  has  been  queried  regarding  procedures  which 
can  be  used  to  load  this  vehicle. 

-^It  is  possible  that  lifts  two  and  three  could  be  loaded  simultaneously,  as 
could  lifts  four  and  five. 


67 


FIGURE  19.  C981  LASH  PRETEST  LOADING  PLAN  FOR 

SELECTED  LOTS  HEAVY  EQUIPMENT 


FIGURE  20.  C881  LASH  PRETEST  LOADING  PLAN 

FOR  SELECTED  LOTS  HEAVY  EQUIPMENT 


SEABEE 


Pretest  Description 

The  largest  and  heaviest  LOTS  equipment  to  be  loaded  and  unloaded  in 
the  pretesting  phase  will  be  accomplished  using  the  SEABEE.  Equipment  to  be 
loaded  on  the  upper  (weather)  deck  will  be  an  LCU,  LACV-30,  and  a Belong  "B" 
Barge.  Below  decks  (on  the  main  deck)  equipment  to  be  loaded  will  include  an 
LCM8,  3 X 15  causeway  section,  and  a LARC-LX.  This  pretest  will  be  the  only 
one  in  which  the  250- ton  crane  will  be  deployed  in  a near  ready-for-use  con- 
figuration. All  loads  will  require  careful  planning  and  shoring  to  ensure  inter 
face  between  the  equipment  being  loaded  and  the  ship's  barge  transporters. 

Rationale 


In  the  absence  of  a self-propelled  container  discharge  facility  or  one 
which  is  hull-mounted  for  rapid  deployment,  it  is  desirable  to  find  an  alterna- 
tive to  prepositioning  or  the  slow  process  of  towing  floating  cranes  or  heavy 
barges  to  an  objective  area.  If  the  SEABEE  is  potentially  capable  of  providing 
a 20-knot  deployment  solution,  this  option  and  its  constraints  need  to  be  evalu- 
ated. 


The  SEABEE  is  potentially  the  only  ship  capable  of  deploying  all  LOTS 
system  equipment,  including  the  DeLong  "B".  Although  there  are  only  three  SEA- 
BEE ships  in  service,  their  unique  military  capabilities  make  them  an  important 
element  of  the  LOTS  deployment  evaluation.  (See  Figure  21  for  selected  LOTS 
equipment  capacity.) 

Loading  and  Unloading  Procedures 

The  equipment  for  test  loading  and  relative  positioning  are  depicted  in 
Figure  22.  All  equipment  must  be  compatible  with  or  adapted  to  accommodate  the 
SEABEE  barge  transporters  and  elevator.  Equipment  to  be  loaded  must  be  positioned 
on  the  ship's  elevator  so  that  it  can  interface  with  the  barge  transporters  for 
movement  and  stowage. 

The  heaviest  test  equipment  is  to  be  loaded  on  the  SEABEE  upper  deck. 

The  first  item  to  be  loaded  is  an  LCU,  which  is  approximately  17  feet  longer  than 
the  elevator.  This  lift  is  nearly  the  same  width  (four  feet  narrower)  as  the 
SEABEE  barge.  Because  of  the  irregular,  curved  configuration  of  the  LCU's  bottom, 
interface  with  the  barge  transporter  may  require  use  of  an  adaptive  device.  The 
SEABEE's  container  adapter^'  might  serve  such  a function.  The  second  lift,  a 
LACV-30,  is  also  narrower  than  a SEABEE  barge  but  should  be  easier  to  load  than 
an  LCU. 


The  third  lift  is  the  DeLong  "B"  (weight  is  650  long  tons  "bare"  and  it 
is  48  feet  longer  than  the  elevator).  A P&H  6250  (158  long  tons)  will  be  positioned 
on  the  DeLong  for  concurrent  loading. 


^The  SEABEE  container  adapter  is  half  the  length  of  a jarge  and  fits  on  the 
upper  deck  barge  support  rails.  It  is  used  as  an  Interface  for  the  stowage 
of  containers  on  the  upper  deck. 
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EQUIPMLNT  LOADING  OPTIONS 
SEABEE 

(Includes  Upper  and  Main  Decks) 
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FIGURE  21.  ILLUSTRATION  OF  SEABEE  SHIP  CAPACITIES  FOR 
SELECTED  LOTS  HEAVY  EQUIPMENT  DEPLOYMENT 


FIGURE  22.  SEABEE  PRETEST  LOADING  PLAN  FOR 
SELECTED  LOTS  HEAVY  EQUIPMENT 


The  below  deck  loading,  which  could  be  accomplished  on  either  the 
main  or  lower  deck,  involves  a LARC-LX  which  can  be  driven  directly  from  the 
elevator  onto  the  main  deck  (see  Figure  23  ) for  stowage;  a 250- ton  crane 
(discussed  above);  an  LCM8;  and  a 3 x 15  causeway  section. 

Both  the  causeway  section  and  the  LCM8  can  be  loaded  simultaneously. 
These  lifts  are  similar  in  that  neither  is  wide  enough  to  rest  on  the  ship's 
barge  pedestals.  This  problem  could  be  alleviated  by  canting  the  equipment 
on  the  elevator  so  they  are  moved  and  stowed  at  a slight  diagonal  to  the  barge 
transporter  and  barge  pedestals.  Another  method  would  be  shoring  (using  tim- 
bers) beneath  the  LCM8  and  causeway  so  that  the  support  extends  across  the 
pedestals  beneath  the  causeway  and  LCM8.— 


— The  Navy  has  an  on-going  study  project  aimed  at  verifying  the  feasibility  and 
techniques  for  loading  certain  LOTS  components  including  the  DeLong  "B"  Barge 
aboard  a SEABEE.  Subject  to  sponsor  approval,  the  basic  concepts  outlined  in 
this  study  could  provide  guidance  for  conduct  of  the  LOTS  test  lifts.  Also, 
the  proposed  modification  and  adapters  recommended  in  the  study  might  be  re- 
fined to  provide  specifications  for  their  timely  installation/fabrication. 
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FIGURE  23,  SKETCH  OF  LARC-LX  IN  HOLD  OF  SEABEE  SHIP 
(either  port  or  starboard  side) 


E.  PROCEDURES  IN  PRETEST  CONDUCT 


This  section  of  the  report  outlines  some  of  the  procedures  that  apply 
to  pretest  conduct.  They  are  provided  primarily  to  highlight  some  concepts 
and  guidelines  that  are  unique  to  the  pretest  experiments. 

While  the  main  LOTS  field  test  is  to  be  conducted  under  criteria  and 
conditions  that  are  as  representative  as  possible  of  a realistic  operational 
environment,  this  is  not  generally  true  of  the  pretest  events.  Their  main  pur- 
pose is  to  technically  validate  and  fix  main  test  concepts  and  conditions  and 
to  provide  a basis  for  further  evaluation.  They  are  not  intended  as  a test  of 
unit  readiness,  levels  of  proficiency,  or  speed  in  accomplishing  prescribed 
events. 

As  discussed  previously,  the  main  objective  of  the  ship-equipment  pre- 
tests is  to  verify  by  physical  demonstration  under  controlled  and  semi -control led 
conditions,  the  capabilities  related  to  deploying  selected  LOTS  system  equipment 
in  merchant  ships.  These  demonstrations  involve: 

• Operations  with  combinations  of  equipment,  ships 
and  techniques  with  which  there  is  little  or  no 
practical  experience 

• Employment  of  high-cost  test  equipment  and  services 
in  a risk  environment  and  on  a restrictive  time 
schedule. 

For  the  above  reasons,  the  conduct  of  the  pretests  should  consider  the 
following: 

• Employing  the  most  highly  skilled  and  experienced 
military  personnel  for  equipment  operation,  steve- 
doring and  longshoreman  functions. 
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• Pre-posit1oning  test  loads  and  all  test  support  items 
at  the  test  site  to  make  maximum  use  of  ship  charter 
time.  When  possible,  pre-installation  of  instrumenta- 
tion should  be  accomplished.  The  conduct  of  the  pretest 
is  not  scenario-constrained  (as  the  main  test  will  be) 
thus  requirements  such  as  site  preparation  for  crane 
beaching  and  assembly  may  be  accomplished  administratively 
in  advance  of  actual  test  events. 

• Providing  for  an  adequate,  reliable  voice  communication 
capability  at  the  pretest  site  (including  ship-to-shore) 
to  ensure  positive  control  and  coordination  of  all  test 
activity. 

• Making  maximum  use  of  military  owned/controlled  facili- 
ties for  all  pretest  operations.  This  should  present  no 
major  problem  when  MSC-controlled  fleet  ships  are  employ- 
ed or  when  dedicated  commercial  charters  can  be  made 
available  at  military  pier  facilities.  If  it  is  necessary 
to  resort  to  partial  and/or  concurrent  use  of  a test  ship 
berthed  at  a commercial  facility,  operational  test  plan- 
ning should  attempt  to  minimize  use  of  commercial  equip- 
ment or  services  (e.g.,  use  of  military  floating  crane 
for  containership  pretest  loading). 

• Conducting  thorough  pretest  training  and  orientation. 

While  main  test  concepts  envision  some  "free  play"  in  areas 
of  management  decisions  and  unit  procedures,  pretest  ob- 
jectives and  schedules  dictate  a more  controlled  approach. 
Test  operating  personnel  should  not  only  possess  requisite 
technical  proficiency,  but  must  be  thoroughly  oriented  on 
details  of  test  conduct.  Special  areas  of  emphasis  should 
include  a complete  understanding  of  the  chain  of  command 
during  all  phases  of  test  conduct  and  familiarity  with  the 
pretest  site  and  facilities.  Where  distances  and  size  of 
test  force  are  not  prohibitive,  orientation  visits  are 
recommended  to  acquaint  test  personnel  with  site  layout, 
procedures,  and  physical  and  administrative  limitations. 

• Providing  for  contingency  alternatives  in  operational  test 
planning  and  directives.  The  very  nature  of  the  LOTS  pre- 
tests presents  a formidable  challenge  in  the  requirement 
to  anticipate  and  provide  the  flexibility  to  cope  with  a 
variety  of  test  contingencies  without  excessive  commitment 
of  resources.  Some  critical  areas  that  merit  spec’al 
attention  include: 

. Ship  and  equipment  substitution  as  to  both  type 
and  time  of  availability 

. Malfunction  of  ships  booms,  elevators  or  cranes 
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. Malfunction  of  craft/lighters  in  ship-to-shore 
subtests 

Malfunction  of  test  instrumentation  equipment 

. Administrative  limitations  imposed  on  test  oper- 
ations, such  as  temporarily  derated  cargo  gear 
(booms,  elevators,  etc.),  prohibitions  on  off- 
shore discharge,  regulatory  agency  restrictions, 
etc. 

. Emergency  absence  of  key  test  personnel 

. Delays  or  interruptions  due  to  weather  or  sea 
conditions. 

It  is  impractical  to  attempt  to  prescribe  general  solutions,  although 
some  fundamental  considerations  should  include: 

• Providing  for  major  test  alternatives  (e.g.,  modifying  ship- 
equipment  combinations)  early  in  the  operational  planning 
phase.  As  a matter  of  general  policy,  alternatives,  whether 
in  the  planning  phase  or  during  test  execution,  should  have 

as  their  goal  the  acquisition  of  maximum  test  data.  Provision 
for  modified  events  or  substitute  equipment  can  usually  pro- 
vide data  that  will  serve  as  a basis  for  extrapolation  and 
is  generally  preferable  to  a complete  test  abort. 

• Careful  formulation  and  specific  understanding  of  ship 
charter  provisions. 

• Within  funding  limits,  providing  for  alternate  test  loads 
(e.g.,  weighted  equipment  mock-ups),  back-up  landing  craft 
at  off-shore  discharge  sites,  extra  sets  of  slings,  rigging 
and  chocking  material,  trained  back-up  test  crews,  stand-by 
heavy  maintenance  teams,  etc. 

• Providing  for  long-  and  short-range  weather  and  sea  con- 
dition forecasts. 
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APPENDIX  A 

SHIP  SUITABILITY  AND  AVAILABILITY 


SUITABILITY 

The  United  States  currently  has  the  largest  fleet  of  intermodal  ships 
in  the  world.  This  fleet  consists  of  91  active  non-self-sustainir.g  (NSS)  con- 
tainerships,  22  self-sustaining  (SS)  containerships , 23  barge  carriers,  13 
vehicle  (roH-on/roll-off  or  "RO/RO")  carriers,  5 combination  container  and 
RO/RO  ships^,  and  46  partial  containerships-'.  In  addition  to  the  intermodal 
ships  there  are  115  breakbulk  ships  in  service.  Both  the  intermodal  and  break- 
bulk  ships  constitute  the  resources  from  which  the  LOTS  ship  resources  will  be 
drawn . 


The  basic  approach  to  ship  analysis  was  the  identification  of  cargo 
fleet  assets  (less  bulk  carriers),  assimilation  of  certain  basic  operational 
and  cargo  characteristics,  cataloging  of  ships  by  type  and  hull  designation, 
and  review  of  various  ship  plans  and  drawings  for  detailed  information.  This 
data  is  contained  in  Tables  A.l  through  A. 9 and  Figure  A.l.  To  help  draw  a 

■Several  vessels  have  capacities  for  both  containers  and  vehicles.  Those 
cases  in  which  the  vehicle  capacity  is  relatively  small,  however,  are  in- 
cluded only  in  the  containership  category. 

-^According  to  the  U.  S.  Maritime  Administration's  strict  definition,  only 
those  general  cargo  ships  that  have  one  or  more  of  their  holds  permanently 
fitted  with  cellular  structures  are  considered  partial  containerships.  By 
this  strict  definition  only  22  ships  could  be  considered  partial  container- 
ships.  The  Military  Sealift  Command  has  broadened  this  category  to  include 
all  ships  which  have  pre-installed  container  cells  regardless  of  whether  all 
or  part  of  one  hold  (or  several)  may  be  involved.  The  container  capacities 
of  these  ships  are  given  in  Table  A. 5. 
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statistical  profile  of  a representative  NSS  containership  certain  ship  character- 
istics  were  highlighted  and  summarized.  The  results  of  that  summarization  are 
contained  in  Table  A. 3. 

The  common  denominator  used  for  grouping  and  cataloging  ships  was  the 
hull  designation.  Because  the  merchant  dry  cargo  fleet  includes  approximately 
302  vessels  of  some  83  different  hull  designs,  each  having  different  capabili- 
ties and  limitations,  and  because  of  frequent  changes  in  ship  names,  ownership, 
routes,  etc.  it  is  preferable^to  group  the  ships  by  type  (breakbulk,  RO/RO,  etc.) 
and  then,  by  hull  designation^  within  each  type.  Differences  between  ships  of 
a particular  hull  designation  (there  may  be  as  many  as  13  vessels  or  as  few  as 
one  within  a group)  are  often  inconsequential,  but  where  there  are  noteworthy 
exceptions  such  as  boom  capabilities,  the  exceptions  were  noted  and  the  ship  was 
considered  separately. 

AVAILABILITY 

A second  phase  of  the  analysis  consisted  of  a review  of  the  ships  avail- 
able under  the  Sealift  Readiness  Program  (SRP)  to  assess  the  characteristics  and 
capabilities  of  ships  and  the  time  table  for  their  availability.  This  analysis 
(Table  A. 10)  was  used  to  provide  a general  profile  of  the  abilities  and  require- 
ments of  merchant  ships  to  support  LOTS  operations  if  the  SRP  were  ever  to  be 
implemented. 

PREFERENCE 

Matrices  were  developed  (Tables  A. 11  to  A. 12)  to  evaluate  both  the  con- 
tainerships  and  the  breakbulk  ships  based  on  the  operational  and  test  criteria 
applicable  in  each  case.  Weighting  factors  used  in  the  evaluation  are  explained 
in  each  table.  Because  the  Military  Sealift  Command  possesses  sufficient  and 
suitable  assets  to  support  potential  LOTS  test  requirements,  no  analyses  were 
necessary  for  RO/RO  ships. 


-^Normally  a hull  designation  such  as  C6-S-85b  is  used  by  MARAD.  This  is 
frequently  abbreviated  to  C685,  for  example.  Privately  financed  hulls  are 
referred  to  by  a private  designator,  such  as  SL-7,  or  listed  as  undesignated. 
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TABLE  A.l 


NON-SELF-SUSTAINING  CONTAINERSHIPS , BY 


HULL  AND  OWNER/OPERATOR 


C2X 


1. 

AFOUNORIA  (SL) 

45. 

2. 

ARIZPA  (SL) 

46. 

3. 

WACOSTA  (SL) 

47. 

4. 

WARRIOR  (SL) 

48. 

XT  2E 

49. 

50. 

51. 

52. 

5. 

TRANSCHAMPLAIN  (Mat)  (CIT  Corp) 

6. 

TRANSONEIOA  (Mat)  (CIT  Corp) 

7. 

TRANSONTARIO  (Mat)  (CIT  Corp) 

8. 

T2M 

HOUSTON 

53. 

54. 

55. 

56. 

9. 

JACKSONVILLE  (SL) 

10. 

TAMPA  (SL) 

T2/C4 

11. 

ANOTSAGE  (SL) 

57. 

58. 

12. 

BALTIMORE  (SL) 

13. 

SEATTLE  (SL) 

59! 

EXC3 

60. 

14. 

HAQaITAN  citizen  (Hat) 

61. 

C61W 

AMERICAN  ACCORD  (USL) 

AMERICAN  ACE  (USL) 

AMERICAN  ALLIANCE  (USL) 

AMERICAN  ARCHER  (USL) 

AMERICAN  ARCOSE  (USL) 

AMERICAN  LEADER  (USL) 

AMERICAN  LCCACi  (USL) 

AMERICAN  LEGEND  (USL) 

ceix 

president  TRUMAN  (JAPAN  MAIL)  (APL) 
PRESIDENT  KENNEDY  (OREGON  MAIL)  (APL) 
PRESIDENT  EISNEHOWER  (PHILLIP'NE  MAIL)  (APL) 
PRESIDENT  ROOSEVELT  (WASHINGTON  MAIL)  (APL) 

C669 

PRETI'OENT  FILLMORE  (APL) 

PRESIDENT  GRANT  (APL) 

president  McKinley  (apl) 

PRESIDENT  TAFT  (APL) 

PRESIDENT  VAN  BUREN  (APL) 


EXC4 

15.  GUSOEAR  (PFEL) 

16.  -HAWAII  BEAR  (PFEL) 

17.  CALIFORNIAN  (Mat) 

18.  HAWAIIAN  (Mat) 

19.  HAWAIIAN  MONARCH  (Mat) 

20.  HAWAIIAN  QUEEN  (Mat) 

21.  AQUAOILLA  (TRAN5HAWAI I ) (PRMSA) 

22.  CAROLINE  (TRANSIDAHO)  (PRMSA) 

23.  TRANSINDIANA  (ST)  (HWC) 

24.  MAYAGUEZ  (TRANSOREGON)  (PRMSA) 

C4J 

25.  LONG  BEACH  (SL) 

26.  OAKLAND  (SL) 

27.  PANAMA  (SL) 

28.  80RINQUEN  (TRENTON-SL)  (PRMSA) 

C4J1 

29.  SAN  JUAN  (CHICAGO)  (PRMSA) 

30.  ARACIBO  (ROSE  CITY)  (PRMSA) 

C4X 

31.  BOSTON  (SL) 

32.  HUMACAO  (BROOKLYN)  (PRMSA) 

33.  CHARLESTON  (SL) 

34.  GALVESTON  (SL) 

35.  MOBILE  (SL) 

36.  GUAYAMA  (NEW  ORLEANS)  (PRMSA) 

37.  NEWARK  (SL) 

38.  PHILADELPHIA  (SL) 

39.  PORTLAND  (SL) 

C573 

40.  c ?TTghthing  (AEL) 

41.  C V STAG  HOUND  (AEL) 

42.  EXPORT  FREEDOM  (AEL) 

42.  EXPORT  LEADER  (AEL) 

44.  EXPORT  PATRIOT  (AEL) 


C685 

62.  aDSTral  endurance  (FL) 

63.  AUSTRAL  ENSIGN  (FL) 

64.  AUSTRAL  ENTENTE  (FL) 

65.  AUSTRAL  ENVOY  (FL) 

66.  PRESIDENT  JEFFERSON  (APL) 

67.  PRESIDENT  JOHNSON  (APL) 
63.  PRESIDENT  MADISON  (APL) 

69.  PRESIDENT  PIERCE  (APL) 

C768 

70.  AMERICAN  APOLLO  (USL) 

71.  AMERICAN  AQUARIUS  (USL) 

72.  AMERICAN  ASTRONAUT  (USL) 

73.  AMERICAN  LANCER  (USL) 

74.  AMERICAN  LARK  (USL) 

75.  AMERICAN  LEGION  (USL) 

76.  AMERICAN  LIBERTY  (USL) 

77.  AMERICAN  LYNX  (USL) 

SL-7 

78.  SrorANO  COMMERCE  (SL) 

79.  SEA-LAND  EXCHANGE  (SL) 

80.  sea-land  FINANCE  (SL) 

81.  SEA-LAND  GALLOWAY  (SL) 

82.  sea-land  market  (SL) 

83.  SEA-LAND  MCLEAN  (SL) 

84.  SEA-LAND  RESOURCE  (SL) 

85.  SEA-LAND  TRADE  (SL) 

C788 

86.  SDlTAND  consumer  (SL) 

87.  SEA-LANO  PRODUCER  (SL) 

SL-18 

88.  STATlTSnD  ECONOMY  (SL) 

89.  SEA-LAND  VENTURE  (SL) 

Non-Dejjg 

90.  hAwATTAN  enterprise  (Mat) 

91.  HAWAIIAN  PROGRESS  (Mat) 


KEY 


AEL 

American  Export  Lines  Inc. 

APL 

American  Presiden»^  Lines 

CIT  Corp 

C.  1 . T.  Corporation 

FL 

Farrell  Lines,  Inc. 

HWC 

Hudson  Waterways  Corp. 

Mat 

Matson  Navigation  Co. 

PFEL 

Pacific  Far  East  Line 

PRMSA 

Puerto  Rico  Maritime  Shipping  Authority 

SL 

Sea>Land  Services,  Inc. 

ST 

Seatrain  Lines,  Inc. 

USL 

United  States  L ines 
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TABLE  A. 2 

U.  S.  FLAG  NON-SELF-SUSTAINING  CONTAINERSHIP  CHARACTERISTICS  SUMMARY 


L 

[ 

i 


Shipping 

Category 

Hull 

Type 

Qty 

Ships 

Operator/ 

Owner 

Container 

Capacity 

Container 

Size 

Year 

Built 

Number 

Hatches 

Speed 

Remarks 

Non- 

SeU- 

Sustalning 

Contilnership 

C2X 
1 

4 

SL 

22S-3S' 

35 

1943-44 

4Fw«i,3Aft 

15.5 

Converted  1965-66 

XT2E 

3 

Hat 

606-20' 

27440 

1944-45 

7Fwd 

16.0 

40’  slots  • 303;  27'  slots  • 
435;  converted  1969 

T2M 

3 

SL 

332-3S' 

35440 

1944 

SFwd 

16.0 

onverted  1967-69;  Tampa 
partially  obstructed 

T2/C4 

3 

SL 

354-35' 

35440 

1943-44 

8Fwd 

14.5 

Converted  1969-70;  Deck 
partially  obstructed 

t 

i 

J 

EXC3 

1 

Hat 

488-24' 

24 

1944 

3Fwd,2Aft 

16.5 

1 

i 

C4J 

3 

SL 

609-35' 

35440 

1944-45 

llFwd.lAft 

17.0 

Converted  1966;  Deck  obstructions 

1 

PRMS4 

ouLbd  sides 

C4J1 

2 

PRHSA 

622-35' 

35440 

1944-45 

llFwd,lAft 

17.0 

Converted  1969;  Deck  obstructions 
on  centerline 

C4X 

7 

SL 

360-35' 

35440 

1944-45 

7Fwd 

17.0 

Converted  1968-69;  additional  on- 

2 

PRHSA 

deck  stowage  fore  and  aft 

, 

2 

PFEL 

544-20' 

20440 

1943445 

a 

17.0 

Have  capacity  for  25  vehs 

2 

Hat 

(2)527-24' 

24440 

1946 

11 

16.8 

Z ships  carry  sugar;  2 ships 
carry  293  vehs;  40'  slots  • 24. 

EXC4 

2 

(2)805-20' 

24440 

1944 

11 

17.0 

3 

PRHSA 

962-20' 

40 

1944-45 

8Fwd 

17.0 

40'  slots  * 482;  one  additional 

1 

ST 

stow  space  on  deck 

■ 

C573 

5 

AEL 

1,076-20' 

20 

1969-73 

14Fwd,2Aft 

20.0 

Hinor  stowage  Aft 

ceiu 

8 

USL 

1,009-20' 

20440 

1953-54 

14Fwd,9Aft 

20.0 

40'  slots  » 466  or  484  depending 
upon  ship 

C61X 

4 

APL 

894-20' 

20440 

1961-64 

14Fwd,9Aft 

20.0 

40'  slots  • 269 

4 

C669 

5 

APL 

1,066-20' 

20440 

1967-68 

18Fwd,5Aft 

23.0 

40'  slots  - 414 

1 

Non- 

deslg 

2 

Hat 

1 ,168-24' 

24440 

1970 

13  Amidship 

23.0 

40'  slots  * 44;  partial 
obstructions  amidship  C/L 

] 

CESS 

^ 4 

FLI 

1,100-20' 

20440 

1972-73 

28Fwd,4Aft 

22.6 

Has  201,460  bale  cube  and  70-T 
and  30-T  booms  for  unitized  cargo 
besides  container  cargo. 

i: 

4 

APL 

1,180-20' 

20440 

1973-74 

23.0 

i 

C768 

8 

USL 

(2)1,258-20' 

(4)1,292-20' 

(2)1,330-20' 

20440 

1968-69 

22Fwd.6Aft 

22.5 

40'  slots  • 498 

« 

SL-18 

2 

SL 

759-35' 

35440 

1970-71 

IFwd.lOAmidshlp 

23.0 

40'  slots  • 181;  35'  ■ 552; 
obstructions  outbd 

i 

SL-7 

8 

SL 

1,096-35' 

35440 

1972-73 

24AmidsMp , ISAft 

33.0 

40'  slots  ■ 326,  partial 
obstructions 

t 

— 

C788 

2 

SL 

759-35' 

35440 

1970-71 

IFwd.lOAmidship 

23.0 

40'  slots  - 181;  35’  ■ 552 

A-4 
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TABLE  A. 3 


GENERAL  CHARACTERISTICS  NON-SELF-SUSTAINING  CONTAINERSHIPS 


Nuii;t>er 

MFRSjilPj 

MFRFLEET 

Representation 

CONTAINtR  CAPACITY; 

Less  than  600  (20'  equivalent)  containers 

24 

26% 

600-699  (20’  equivalent)  containers 

1? 

137 

More  than  900  (20*  equivalent)  containers 

65 

61% 

CONTAINER  CELL  SIZES  AND  AVERAGE  CAPACITY: 

20'  cell  ships  (with  limited  AO'  stowage) 

(mean  average  is  943 

20’  containers 

with  standard  deviation  of  22S) 

40 

45% 

24'  cell  ships  (with  limited  40'  stowage) 

(r.ean  average  is  788 

24'  containers 

with  standard  deviation  of  271) 

7 

8% 

35'  cell  ships  (with  limited  40'  stowage) 

(mean  average  is  586 

35'  containers 

with  standard  deviation  of  309) 

37 

39% 

40'  cell  ships  (mean  average  is  404  40*  containers  with  standard  deviation  of 

90) 

7 

8% 

SHIP  SPEEDS: 

< 15  knots 

3 

3% 

15  - 16.9  knots 

15 

16% 

17  - 18,9  knots 

24 

26% 

19  - 20.9  knots 

17 

19% 

21  - 22.9  knots 

9 

10% 

23  - 24.9  knots 

16 

167 

> 25  knots 

B 

9% 

OWNERS/OPERATORS: 

Area  of 
Operation 

Subsid i2ed 

American  Export  Lines 

(Atl/Kulf) 

Yes 

5 

5% 

American  Presidents  Line 

(Pacific) 

Yes 

13 

14% 

Farrell  Lines  Inc, 

(Atl/Gulf  to  Pac) 

Yes 

4 

4% 

Matson  Navigation 

(Pacific) 

No 

7 

8% 

Pacific  Far  East  Lines 

(Pacific) 

Yes 

2 

2% 

Puertico  Rico  Maritime  Shipping  Authority 

(Atl/Gulf) 

No 

8 

9*. 

Sea-Land 

(Both) 

No 

31 

34% 

Seatrain 

(Both) 

No 

4 

4% 

United  States  Lines 

(Both) 

No 

IG 

18?; 

CARGO  HATCHES: 

Number 

Hatches 

Overall  Average  Number  Hatches  Per  Ship 

(Standard  Deviation  of  10.6) 

9 

Number  Ships  with  Superstructure  Separating  Holds 

Major  Division  (.»l/3  of  holds  aft  of  suprrslructure) 

24 

26% 

Minor  Division  (‘'1/3  of  holds  aft  of  supcrstructire) 

33 

42% 

No  Divisions  (but  minor  on  deck  oiistruclions  included) 

29 

32% 

TABLE  A. 4 


PARTIAL  SELF-SUSTAINING  CONTAINERSHIPS  BY  HULL  AND  OWNER/OPERATOR 


C469 

cBlCrado  (SSC) 

IDAHO  (SSC) 

MICHIGAN  (SSC) 
MONTANA  (SSC) 

WYOMING  (SSC) 

C537 

ASHLEY  LYKES  (LL) 
BRINTON  LYKES  (LL) 
JAMES  LYKES  (LL) 

JEAN  LYKES  (LL) 

JOHN  LYKES  (LL) 
JOSEPH  LYKES  (LL) 
LESLIE  LYKES  (LL) 
MARJORIE  LYKES  (LL) 
NANCY  LYKES  (LL) 
SHIRLEY  LYKES  (LL) 
SOLON  TURMAN  (LL) 
THOMPSON  LYKES  (LL) 
ZOELLA  LYKES  (LL) 

C575 

ADSSWN  MAIL  (APL) 
AMERICAN  MAIL  (APL) 
HONG  KONG  MAIL  (APL) 
INDIAN  MAIL  (APL). 
KOREAN  MAIL  (APL) 


C346 

1.  e*R!ST  challenger  (ael) 

2.  EXPORT  CHAMPION  (AEL) 

C4IQ 

3.  president  LINCOLN  (APL) 

4.  PRESIDENT  TYLER  (APL) 

C449 

5.  saRDTmajdalena  (P-G) 

6.  SANTA  MARIA  (P-G) 

7.  SANTA  MARIANA  (P-G) 

8.  SANTA  MERCEDES  (P-G) 

C460 

9.  moRmacaltair  (mm) 

10.  MORMACAAM  (MM) 

11.  MORMACDAACO  (MM) 

12.  MORMACOYX  (MM) 

13.  MORMACRIJEL  (MM) 

14.  MORMACVEJA  (MM) 

C464 

15.  AMERICAN  RANGER  (USL) 

16.  AUSTRAL  PATRIOT  (ELI) 

17.  AUSTRAL  PILOT  (ELI) 

C465 

18.  SANTTBARBARA  (P-G) 

19.  SANTA  CLARA  (P-G) 

20.  SANTA  CEJ2  (P-G) 

21.  SANTA  ELENA  (P-G) 

22.  SANTA  ISABEL  (P-G) 

23.  SANTA  LLCIA  (P-G) 


SELF-SUSTAINING  CONTAINERSHIPS  BY 
HULL  AND  OWNER/OPERATOR 


C2C 

1.  azAlEa  c:ty  (sl) 

2.  BEAUREGARD  (SL) 

3.  BIENVILLE  (SL) 

4.  EAIRLAN;  (SL) 

5.  GATEWAY  CITY  (SL) 

6.  RAPHAEL  5EMMES  (SL) 

C2L 

7.  MAY AGUE Z (iL) 

8.  PONCE  (SL) 

EXT2 

9.  SUHHTT  (SL) 

T3-J 

10.  EmSBE-H  PORT  (SL) 

11.  LOS  ANGELES  (SL) 

12.  SAN  ERANCISCO  (SL) 

13.  SAN  JUAN  (SL) 


C346 

14.  ExRORT  commerce  (AEL) 

15.  EXPORT  COURIER  (AEL) 

C4JC 

16.  PTTT5BURG  (SL) 

17.  SAN  PEDRO  (SL) 

18.  ST.  LOUIS  (SL) 

EXC4 

19.  HShAIIAN  princess  (Mat) 

C6QC 

20.  PREsTDENT  HARRISON  (APL) 

21.  PRESIDENT  MONROE  (APL) 

22.  PRESIDENT  POLK  (APL) 


American  Export  Lines 
American  President  Lines 
Farrell  Lines,  Inc. 

Lykes  Brothers  Steamship  Co.  (Lykes  Lines) 
Matson  Navigation  Co. 

Moore-McCormack  I Ines,  Inc. 

Prudential -Grace  Lines,  Inc. 

Sea-Land  Services,  Inc. 

States  Steamship  Co. 

United  States  Lines,  Inc. 
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TABLE  A. 6 


BARGESHIP  CHARACTERISTICS 


Maximum 


,1^ 


Shipping 

Category 


Barge- 

Carrying 

Ships 


Hull 

Type 

Qty. 

Ships 

Ovnershlp 

Container 

Capacity 

Container 

Size 

Year 

Built 

Number 

Roraes 

Speed 

Remarks  (Crane  cap.  in  L Tons) 

C882 

(On -deck) 

Containers  in  barges  = 1.116  20-ft. 

(SEABEE) 

C8-S-62a 

3 

LL 

320-20* 

20  thru  40 

1972-73 

33 

equivalents;  Container  capacity  w/out 
barges  « 1.784  20'  equivalent 

C881 

6 

PPEL 

534-20' 

20  4 40 

1971-74 

50 

22.5 

Cntnr  Gantry  = 35T;  Barge  Gantry  = 450T; 

(LASH) 

— 

1 





— 

Barge  Cap.  = 17,043  cu.ft.  oi  415ST:  Con- 

C8-S-81b 

5 

P-G 

(1)534-20' 

(4)450-20' 

20  & 40 

1970-74 



1-50 

4-61 

22.5 

tainer  capacity  variable  s.t.  trade-offs; 
Max  container  capacity  = 1,200,  no  barges 

C981 

3 

Delta 

288-20' 

20  & 40 

1973 

74 

22.0 

Barge  Gantry  * 510  Ton;  Cntnr  Gantry=35T 

(LASH) 



— 

C9-S-81d 

3 

wss 

- 

1974 

89 

22.0 

Barge  Gantry  ® 446-Ton;  No  dedicated  con- 

— 

1 

— 

tainer  stowage  spaces  o:  self-sustaining 

3 

C-G 

- 

1974-75 

89 

^ 

22.0 

capability;  Barge  sizes  = 61.S'x3rxl3'  anc 
can  accept  entnrs. 

BARGESHIPS  BY  HULL  TYPF 
.JUD  OWNER/OPIMTOR 

C881 

LASH  ITAlTA  (P-G) 
AUSTRALIA  BEAR  (PEEL) 
CHINA  BEAR  (’EEL) 
GOLDEN  BEAR  (PEEL) 
JAPAN  BEAR  (=EEL) 

LASH  ATLANTICO  (P-G) 
LASH  ESPANA  (P-G) 

LASH  PACIEICO  (P-G) 
LASH  TURKIYE  (P-G) 
PACIEIC  BEAR  (PEEL) 
THOMAS  E.  CUEEE  (PEEL) 

C882 

DOCTOR  LYKES  (LB) 
ALMERIA  LYKES  (LB) 
TILLIE  LYKES  (LB) 

C981 

DELTA  MAR  (Delta) 

DELTA  NORTE  (Delta) 
DELTA  SUD  (Delta) 

GREEN  HARBOUR  (C-G) 
GREEN  ISLAND  (C-G) 

GREEN  VALLEY  )C-G) 
ROBERT  E.  LEE  (WSS) 

SAM  HOUSTON  (WSS) 
STONEWALL  JACKSON  (WSS) 

BARGE  CHARACTERISTICS 


1 

Hull 

Type 

Oty 

Owner- 

ship 

External  Size 

Internal  Size 

Hatch  Opening 

Cube/WT  Cap, 

STon 

WT. 

Cntnr  Capacity 

Remarks 

Barges  to 

LASH 

61 

P-G 

61.S'x31'xl2' 

59. 75'x29.5'xl0. 1' 

43.9'x29.4* 

19,600/415 

90 

7-20'  3-40' 

Cntnjs  loaded  intcmall’. 

Barge- 

C-6 

— 

— 

— 

— 

only.  Max  allowable 

Carr/ing 

50 

PFEL 

61.5'x31'xl4.5' 

59.7S'x29.5*xl0.r 

43.9*x29.4* 

19,600/415 

90 

7 -20'  3-40' 

weight  for  lifting  » 

Ships 

447S10n 

SEA- 

Cntnrs  loaded  intern- 

BEE 

38 

LL 

97.5'x35'xl2.5' 

90'x32'xl2.5' 

84.9'x30.2' 

40,000/954 

186 

14-20*  8-40' 

allv  only 

ASH 

Delta , 

Cntnrs  loaded  intern- 

C-9 

74 

WSS, 

6I.5'x3rxl3' 

59. 75’x29.S'xl0. r 

43.9'x29.4* 

19.600/4  IS 

90 

7-20'  3-10* 

ally  only.  Max 

C-9 

able  lifting  WT-44uST 

[ 
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TABLE  A. 7 

COMBINATION  RO/RO  AND  CONTAINERSHIP 


Shipping 

Combina- 
tion RO/ 
RO  Con- 
tainer- 
Ship 


Hull 

7ypi» 

(J(v 

Ships 

Ownt'rship 

* C.irgo 

L ' 

1 t . 

Ulp.lCUj^ 

ViMT 

Bull  t 

Vi'hicle 

Capacity 

Speod 

Ri*m.M*Vs  1 

New  Yorker 

1 

SL 

19-J'i'Cnlnrs 
29  chassis 
below  deck 

I960 

16.0 

MV  type  RO/RO  with  iolf-  j 

contained  loading  ramp 

C578 

4 

AEL 

810-20'  Cntnrs 

34.000 

1960-70 

Approx 

23.6 

Can  handle  20’  or  40'  cntnrs; 
vehicle  entry  ports  located  at 

220 

No.  7 hatch  and  at  the  stern. 
S1zerl6'xM.5' -.Max  Boom 
capacity  70T;Ships  are  self- 
sustaining;2  ships  operate  E. 
Coast-Med.2  operate  in  Far  East 

EXC4 

1 

Hat 

350-24 'Cntnrs 

1946 

452 

17.0 

501  max  boom  capacity;  25  ! 

40-foot  container  slots 

COMBINATION  RO/RO  AND  SELF-SUSTAINING 
CONTAINERSHIP  BY  HULL  ANO  OMNER/OPERATOP. 

Undesiqnated  Hull 
NEW  YORKER  (SL) 

C578 

defianceTSel) 

GREAT  REPUBLIC  (AEL) 

RED  JACKET, (AEL) 

VOUNG  AMERICAN  (AEL) 

EXC4 

HAWAIIAN  legislator  (Hat) 


Undcslgnated  Hull 
HChl  YOf^KE^  (SL) 


ROLL-ON/ROLL-OFF  SHIPS 

4 


Shipping 

Category 

Qty 

Ships 

Ownership 

Cargo 

Capacity 

Square  Ft. 
Capacity 

Year 

Built 

Vehicle 

Capacity 

(approx) 

Speed 

Remarks 

Rol I -on/ 
Roll-off 
Ships 

Callaghan 

Class 

1 

Sunexport 

Holdings 

22.000M/T 

167,000 

1967 

750 

25 

Max  boom  capacity  • 120T;  entry 
ramps  on  both  sides  and  stern; 
booms  can  be  married. 

Ponce  de 
Leon  Class 

4 

Puerto  Rico 

Maritime 

Authority 

40'  Trlr  Capa- 
city varies 
from  241-278; 
also  has  vehi- 
cle cap. 

157.000 

1968-1975 

450 

(autos) 

25 

Entry  via  ramps  positioned  to 
starboard  side. 

1 

TTT 

1974 

Lurline 

Class 

2 

Mat 

343-40'  trlrs 
(plus  278  autos) 

157.000 

1973 

24.0 

Spar  deck  can  be  Installed 
adding  108  more  40'  trlr  spaces 
has  3 side  parts  for  entry 

C795 

(Maine) 

C7-S-95a 

1-4 

SSC 

386-40'  Trlrs 
(plus  126  autos) 

175,000 

1975-76 

23 

Ships  to  be  delivered  in  1976. 
Container  capacity  is  822-20'. 

C3ST 

(Comet) 

1 

MSC 

20,000  M/T 

97,500 

1953 

700 

18.0 

Max  boom  capacity  « 60T;  fwd 
holds  have  capacity  general 
cargo;  entr 

C4ST 

(Sealift) 

1 

MSC 

84,950 

1967 

20.0 

Max  boom  capacity  * 70T; 

GREAT  LAND 

1 

Sunexport 

Holdings 

390-40'  Trlrs 

1975 

126 

(autos) 

24 

This  is  a "jumboized"  version  o^ 
the  Lurline  Class. 

INOIVIDUAL  CLASSES 
(Un«-oY-a-lf  ind) 

coMfi  rssTT  ” 

SEA  LIFT  (M3C) 
CALLAGHAN  (SH)* 
GREAT  LAND  (SH) 


ROLL-ON/ROLL-OFF  SHIPS 
BT  H'llL  AND  OWNUI/nPEHA''OP 

WNCi^DE-LfON  LURLIW 

POria-Iif-irfffirTPPMA)  LUiiLINE  fl'atl 

ELTAII.0  (TTT)  MATSONIA  (Mat) 

ERIC  r.  HOLFfR  (PRMA) 

FORTALF7A  (PUMA) 

PUIRTO  PICO  (PHHA) 

* Built  Tor  long-t-OMTi  ciiartcr  to  HSC 


MAINE 
MAIN!  fSVC) 
(AHIFONA)  (SSC) 
(NlVAnAUSSC) 
(ILLINOIS)  (SSC) 
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TABLE  A. 8 5 

BREAKBULK  SHIPS  BY  HULL  AND  OWNER/OPERATOR 


1. 


i. 

3. 

4. 


5. 

6. 


7. 

8. 

9. 


10. 

11. 

12. 

13. 

14. 

15. 

16. 
17. 


18. 

19. 

20. 
21. 
22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 


31. 

32. 

33. 

34. 


35. 

36. 

37. 


38. 

39. 

40. 

41. 


42. 

43. 

44. 

45. 

46. 


47. 

48. 

49. 

50. 

51. 

52. 


53. 

54. 
56. 


56. 

57. 

58. 


C2A5 

AHERTCAN  victory  (Victory) 

C3A1 

HARyhSr  (CaliMr) 

PENNMAR  (Calmar) 

PORTMAR  (Calnur) 

C3A2 

amPHTan  condor  (AFSC) 


C41P 

59.  AD?TRAL  pilgrim  (FL) 

60.  CARTER  BRAXTON  (WSS) 

61.  SAMUEL  CHASE  (WSS) 

62.  EXPORT  DEMOCRACY  (AEL) 

C41T 

63.  CJOTA  BEAR  (PFEL) 

64.  NATHANEL  GREENE  (WSSC) 


AMERICAN  ORIOLE  (AFSC) 


BROST(AEL)  (GNOC) 

EXFORD  (AEL) 

SANTA  INES  (P-G)  (GNOC) 

C333 

MOHMACBAY  (MM) 

MORMACCAPE  (MM) 
NORMACCOVE  (MM) 
MORMACGLEN  (MM) 
HORMACLAKE  (MM) 
MORHACPRIDE  (MM) 
MORMACSCAN  (MM) 
MORHACTRAOE  (MM) 

C337 

aoSBelle  lyres  (lb) 

AIMEE  LYRES  (LB) 

ALLISON  LYRES  (LB) 
CHARLOTTE  LYRES  (LB) 
CHRISTOPHER  LYRES  (LB) 
GULF  BANNER  (LB) 

GULF  FARMER  (LB) 

GULF  MERCHANT  (LB) 
gulf  shipper  (LB) 

GULF  TRADER  (LB) 
MARGARET  LYRES  (LB) 

MAYO  LYRES  (LB) 

SHELDON  LYRES  (LB) 

C338 

exPBRT  adventurer  (ael) 

EXPORT  AGENT  (AEL) 
EXPORT  AIDE  (AEL) 

EXPORT  AMBASSADOR  (AEL) 

C343 

DEnjRO  (Delta) 

DEL  RIO  (Delta) 

DEL  SOL  (Delta) 

C346 

EXPSRT  banner  (AEL) 

EXPORT  BAY  (AEL) 

EXPORT  BUILDER  (AEL) 
EXPORT  BUYER  (AEL) 

C376 

DECtiTARGENTINA  (Delta) 
DELTA  BRAZIL  (Delta) 
DELTA  MEXICO  (Delta) 
DELTA  PARAGUAY  (Delta) 
DELTA  URUGUAY  (Delta) 

C41A 

ARTHuR  MIDDLETON  (WSS) 
GEORGE  WALTON  (WSS) 
IBERVILLE  (PFEL) 

JOHN  B.  WATERMAN  (PFEL) 
JOHN  TYLER  (PFEL) 

THOMAS  JEFFERSON  (PFEL) 

C41F 

JOHiTPENN  (PFEL) 

LYMAN  HALL  (PFEL) 

THOMAS  LYNCH  (WSS) 

C41H 

ExPSRT  defender  (AEL) 
EXPORT  DIPLOMAT  (AEL) 
JOSEPH  P.  HEWES  (WSS 


C41U 

65.  HliWRTl  (SSC) 

66.  M M DANT  (SSC) 

67.  OREGON  (SSC) 

68.  SANTA  ANA  (P-G) 

69.  SANTA  RITA  (SSC) 

70.  WASHINGTON  (SSC) 


71.  amERTcan  challenger  (usd* 

72.  AMERICAN  CHAMPION  (USD* 

73.  AMERICAN  CHARGER  (USL)* 

74.  AMERICAN  CHIEFTAN  (USL)* 

75.  AMERICAN  CORSAIR  (USD* 

76.  AMERICAN  COURIER  (USD* 

77.  PIONEER  CONTENDER  (USD* 

78.  PIONEER  CONTRACTOR  (USD* 

79.  PIONEER  CRUSADER  (USL)* 

80.  PIONEER  MOON  (USL-j* 

81.  PIONEER  COMMANDER  (USL)* 

C4S8 

82.  AERTEAN  COMET  (FLI) 

83.  AFRICAN  DAWN  (FLI) 

84.  AFRICAN  MERCURY  (FLI) 

85.  AFRICAN  METEOR  (FLI) 

86.  AFRICAN  NEPTUNE  (FLI) 

87.  AFRICAN  SUN  (FLI) 

C464 

88.  AMERICAN  RACER  (USL)* 

89  AMERICAN  RELIANCE  (USD* 

90.  AMERICAN  RANGER  (USD* 

91.  PRUDENTIAL  OCEAN  JET  (P-G) 

92.  PRUDENTIAL  SEAJET  (P-G) 

C466 

93.  OSLLY  TURMAN  (LB) 

94.  ELIZABETH  LYKES  (SL) 

95.  FREDERICK  LYKES  (LB) 

96.  GENEVIEVE  LYKES  (lB) 

97.  HOWELL  LYKES  (LB) 

98.  LETITA  LYKES  (LB) 

99.  LOUISE  LYKES  (LB) 

100.  MALLORY  LYKES  (LB) 

101.  MASON  LYKES  (LB) 

102.  RUTH  LYKES  (LB) 

103.  STELLA  LYKES  (LB) 

104.  VELMA  LYKES  (LB) 

C4A 

105.  MOHSWK  (MSI) 

C4A1 

106.  ALEX  STEPHENS  (WSS) 

107.  ROBERT  TOOMBS  (WSS) 

108.  GREEN  FOREST  (CG)* 

109.  GREEN  PORT  (CG)* 

110.  GREEN  WAVE  (CG) 

C4A1C 

111.  JAMEI  (JRT) 

C4A3 

112.  5REEN  LAKE  (CG)* 

113.  GREEN  SPRINGS  (CG)* 

C4A3C 

114.  TSANSCOLORADO  (HWC)* 

115.  TRANSCOLUMBIA  (HWC)* 


*Under  Charter  Agreement  to  MSC. 
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FIGURE  A. I DISTRIBUTION  OF  MAXIMUM  BOOM  CAPABILITIES  BY  HULL  DESIGNATION 
AND  CAPACITY  TO  LOAD  SELECTED  ITEMS  OF  LOTS  HEAVY  EQUIPMENT 


TABLE  A.  10 

SHIPS  COMMITTED  TO  SRP  (RFP-1000  SECOND  CYCLE) 


Approx  No. 
Ships  Sub), 
to  SRP 


ToMl 

Number  Ships 
Committed 

to  SRP  I-IO 


Li»y  D.>ys  and  Slip  Typos  Committed 


3(C3).l(C4) 


2(C3).2(C4) 


RO/RO-Cont  ^4  0 - 

The  C573  ship  (ACL  has  5)  has  a 1.076  20-foot  container  capacity,  20-knot  speed,  was  constructed  during  the  1969-73  time 
frame,  is  non-solf-sustainlng , and  services  an  East  Coast  - N.  Europe  Trade  route.  ALL  has  one  C3  of  limited  capacity  (25-ton 
boom  maximum  lift,  16.5-knot  speed)  that  could  be  committed  at  any  time.  The  ether  C3s  are  C346s  - rriaximum  boom  capacity 
60  tons,  18.5  knots,  constructed  1961-63,  two  are  considered  partial  contalnerships . C4s  are  either  C41Hs  or  a C41P.  The 
C41Hs  were  constructed  1952-54  , have  an  18.S-knot  speed  capability,  and  only  50-ton  maximum  boom.  (Boom  capacities 
expressed  In  long  tons  throughout.)  * 


BB  12  5 - - 5(C5*5) 

Cont  18  7 - - 3(C6QC)  2(Cc)  :(C41Q) 

The  C5  75s  are  in  reality  partial  contalnerships  (387  20-foot  capacity),  have  a 70-ton  maxirr..m  : 'em  capv^city,  were  const-ucted 
from  1968-69.  have  a 20.8-knot  speed,  and  are  West  Coast  ships.  The  C6s  could  be  C6 1.\5 , CrSSs.  orC669s.  The  CblXs 
have  a container  capacity  of  894  20-footers,  were  constructed  1961-64,  and  have  20-knot  s?oe:.  The  C665s  have  a I,  l?0  20- 
foot  container  capacity,  were  constructed  from  1973-74.  and  have  a 23-knot  speed.  The  Cfj9?  *.ave  a capacity  of  1,066  20- 
footers,  were  built  during  1967-68,  and  also  have  a 23-knot  speed.  The  C685s  operate  fror  th?  East  Coast  - Par  East,  the 
C669s  and  the  C61Xs  ptimarily  from  the  West  Coast  - Par  East.  T contalnerships  are  non-sel:-sustaining. 


1(C981) 




The  C981  was  constructed  In  1974-75,  has  a 22-knot  speed,  and  a capacity  for  89  barges  (exte  — al  size  61 . 5*x3  rxl3'i . The 
C-G  LASH  ships  have  no  dedicated  container  stowage  space  or  handling  equipment,  althoug:  cctainers  can  be  stowed  in  baige 
spaces  in  lieu  of  the  barges  (making  the  ships  non-sclf-sustalning  containerships — capaoir.  apT'oximatcly  1,200). 


5(C33  7).  2(C466)  5(C337) . 2(C466)  3(C33  7)  4(C,56) 


The  C337  class  was  built  1963-65,  has  a maximum  boom  capacity  of  60  tons,  and  an  18'k.nc:  fOr?d.  The  1?  ships  m this  class 
operate  from  the  Gulf  and  East  Coast  to  Africa,  the  Mediterranean,  India,  Europe,  and  S.  Areric*.  The  C466  class  was  built 
from  1966-67,  has  a maximum  boom  capacity  of  80  tons,  and  a 20-knot  speed.  The  12  ships  In  “its  class  operated  most  tne 
same  route  as  the  C337s. 


The  C4  contalnerships  (conversions)  In  PPEL  service  were  built  In  1943  and  1945,  have  a capacir/  of  544  20-foot  containers,  17- 
knot  speed,  and  a capacity  for  25  automobiles.  They  operate  from  the  West  Coast  to  the  .*'d'  Ea;:.  The  PPEL  LAEH  ships  have  a 
capacity  for  534  20-foot  containers  and  SO  barges.  The  C881s  are  also  equipped  with  a 3S-:on  rintry  crane  for  a self-sustain- 
ing contalnershlp  capability  and  It  has  a 450  ton  gantry  for  barge  loading/unloading  operations.  It  is  also  possible  to  make 
barge  tradeoffs  to  increase  the  container  capacity. 


The  C4s  consist  of  a C4  lU.  2 C464s . 4 C449s , and  7 C46Ss ...  or  any  combination  thereof.  Th*  C4  containerships  could  be 
either  C449s  or  C465s.  which  are  in  reality  only  partial  contalnerships.  The  C449  has  two  4*. -tc*  gantry  cranes  and  the  C46Ss 
have  an  80-ton  maximum  boom  capacity.  The  C449  has  a 21-knot  capability  while  the  C455  '.as  ) 20-knot  speed.  The  C449s 
were  built  In  1962-63  while  the  C465s  were  built  in  1966-67. 

Cont  12  7 - l(C3),UC4).l(T2)  2(C4).IC2)  1(T2) 

RO/RO  2 - - - 

The  C3  was  built  In  1944,  has  a capacity  for  488  24-foot  containers,  and  a speed  of  l6.5-kr.ots  The  C4s  were  built  in  1944- 
46  and  have  a capacity  of  524-805  24-foot  containers  and  a speed  of  17  knots. 


Cont-PO/PO 


6(CJC).  UCl'.t.  KC2X) 
2(n:  , 1 "410, 

iCiivj,  . rsK) 


2(T3I).  2(f  lie.) 
H(SL-7) 


The  lollwinij  ol.isscs  are  scl'-su?tainlnq:C2C — 226  T5-foot  cont.ilnor  cjpicit/,  L;ilt  1*142-41,  -.wed  of  15.5  kn'.ts . uar-!  rwo 
26-ton  e.ip.iclty  T.iniry  cr.ino<i;T2  (the  Summit) — 15-foot  roni.iiner  e.ipieit/.  b.ilt  in  I jl;.  l-.',-knot  spi-ctl.  jse.  two  -i.irtiy 
eroncs:*;2l --274  35-foot  eont.iiner?,  built  in  1944,  15  kno*  six.-crt,  uses  wo  22-l'jn  o.int'/  ^r•ln^•■T3| — 476  15-foot  eont.iinotj. 
built  1941—12.  15.5-knot  speed,  uses  two  25-ton  o-inliy  Cf.7nes:C4K.‘ — cjp.i(;ity  of  662  IS-fovl  c ‘.'il.iinois , built  1942--I4.  1/- 
knot  sp.'ed.  We  22-ton  S'lntrv  erinesrSl, -7--non-'.''!f-sust, iinino . 1 ,09(.  11-loot  een’ nne*  /,  bnip  1972-71.  It-ki.  .i 

spe'.-dithe  MlV.ind  rijy  ,ire  ti.isie-illy  .sm>ilt-eo.isl-it  ships  witli  ,i  e.ipieily  'if  26-40  11-foo*  f;'-nt,.  *"ir.  -ind  ,i  eomf  ir.ii.ly  r.r  .It 
e.ip  it.illi/. 

““  ■■■  


UAH 


TABLE  A. 10  (CONT.) 
SHIPS  COMMITTED  TO  SRP 


Ship-' 

ti'  sur 


To:..  I 

Niitiil'.-!  Shin;: 
i *oi:ii:  iMoil 

lo  SSI’ 


I .IV  IVi':'*  .i:uJ  S up  l'\  j..':; 


Conv.iunt:  Two  types  ot  C\  slaps  ate  involvod,  the  t'4  U [ atul  t!io  i:469  (p.itli.il  oont.uno’-siupsl . The  k'tif.i#  wvmo  LhuU  m I9b2,  h.ivo  .» 

maximum  boom  cap.icity  of  60  tons,  20-knot  speed,  nnd  nro  prinwJly  West  Coast  - I'or  l\tsi  (one  is  I'ast  0<aast  - S.  AmoncTa'. 


For  general  infomuitlon— USI.  has  ll  045?  broakbulkers  under  charter  agreement  to  MSC.  C45“s  h.ive  a '0-ion  moxinnim  boo- 
capacity  (^0.4  short  tons),  21-knot  speed,  and  were  built  in  1062-63.  The  ColU's  have  a eapow^ity  e:  1.009  20-foot  containers, 
were  built  in  1953-54,  and  have  a 20-knot  speed  capability.  They  arc  East  Coast  - Europe  Fa:  Fash  ships. 


WSS  has  five  classes  of  C4  hull  designs.  C41A,  C41F,  C41H,  C41P.  and  EXC4.  The  C4l  ships  have  basically  the  same  carco 
handling  characteristics  (60-ton  maximum  boom  capacity),  were  built  1952-54,  and  vary  mostly  in  speed  capabilities  (18.5-20 
knots).  The  EXC4  ships  have  only  a 50-ton  maximum  boom  capacity  and  a 17-knot  speed. 


NOTE:  The  following  hull  types  are  self-sustaining  containerships: 

APL  - C42Q 
C6QC 

P-G  - (see  comment  below  P-G  entry) 

SL  - C2C 
C2L 
C4JC 
T3J 

Total  Ships  Committed  to  SRP 

Breakbulk  57 

Self-sustaining  contalnership  22 
Non-self-sustaining  con* 

tainershlp  31 

USH  5 

Total  Commitment  115 


TABLE  A. 11 

OPERATIONAL  SUITABILITY  AND  AVAILABILITY  CRITERIA  FOR 
SELECTION  OF  REPRESENTATIVE  LOTS  CONTAINERSHIP 


IIERSHirS 


12  3 4 5 6 7 

AVAILABILITY  SUITABILITY 


(by  hull  ‘ S I Wo 

» jo.  QC  Ui 

designation)  ; JS 


O £ = 

ac  o o — 

I o cJ 


[JSS  SHIPS 

C2X 


REWARKS 

P-Preferred,  A-Alternative 


WEIGHTING  COOES 

I Codt  1 

CoU.  1 

. 3-6 

1 Col.  2 1 

I (SRP  Conmltment  In  Lay  Days)  ' 

Col . 7 1 

(Soeed  In  knots)  I 

Col.  8 

40'Contalner  Capacity 

TABLE  A. 12 


i 


i 


» 

I 

! 

J 


f! 

i; 

i; 


OPERATIONAL  SUITABILITY  AND  AVAILABILITY  CRITERIA  FOR 
SELECTION  OF  APPROPRIATE  LOTS  BREAKBULK  SHIPS 

1 2 3 4 5 6 7,., 


MERSHIP 

HASSES 

(classes  which 
INCLUDE  MSC 
CHARTER  SHIPS 
NOTED  BY 

asterisk) 

NO.  SHIPS  EACH  CLASS 

AVAILA 

Ul 

3 

O 

u.  oc 
-I 

UJ 

oa 
^ < 
a: 

</j  *- 
< 

UJ  H- 
</) 
to  < 

< o 
xo 

CD 

COMMITMENT  UNDER  F 

SRP  (in  lay  days)  5 

CAPABILITY  OF  HEAVY 
LIFT  BOOM  TO  HANDLE 
LOTS  EQUIPMENT  (sEE  ' 
note) 

HATCH  SIZE  CAPACITY 
TO  LOAD  LOTS  w 

EQUIPMENT  H 

V 

SPEED  (20  KTSs)  F 

CAPABILITIES  5* 

SECONDARY  BOOM 
LIFT  CAPABILITIES 

20-foot  container 

CAPACITY 

TOTAL 

RANKING 

REMARKS 

BB  SHIPS 

C2A5 

4 

r 

1 

0 1 

0 

1 

i 

0 ' 2 

0 

7 

13 

C3A1 

3 4 

0 i 

NC 

4 

1 1 1 

0 

NC 

C3A2 

2 ■ 4 

0 1 

NC 

2 

1 

2 

0 

NC 

.. 

C3A3 

3 4 

3 ! 

NC 

2 

1 

1 

0 

NC 

C333 

8 

4 

0 S 

4 

2 

2 

1 

0 

13 

11 

C337 

13 

4 

4 i 

4 

2 

2 

1 

0 

17 

7 

C338 

4 

4 

4 ' 

0 

2 

2 

1 

0 

13 

11 

C343 

T1 

4 

0 

4 

1 

2 

1 

0 

12 

12 

C346 

4 

4 

4 i 

0 

2 

2 

1 

0 

13 

11 

C376 

5 

4 

0 ! 

4 1 

2 

3 

0 

14 

10 

C4A 

1 

4 

0 1 

4 1 3 

1 

0 

13 

11 

C4A1* 

5 

4 

4 j 

0 ' 3 

2 

2 

0 

15 

9 

2 Under  Charter  to  MSC 

C4A1C 

1 

0 i 

4 3 

2 

1 

0 

14 

10  ' 

C4A3* 

2 

4 

4 ( 

4 i 3 

2 

2 

0 

19 

5 2 Under  Charter  to  MSC 

C4A3C* 

2 

4 

4 

8 4 

1 

4 

0 

25 

I 2 Under  Charter  to  MSC 

C41A 

6 

4 

4 

4 2 

4 

3 

0 

21 

3 

C41F 

- 

4 

4 ' 2 

4 

1 

0 

19 

5 ■ 

C41H 

3 

4 

4 

4 2 

3 

1 

0 

18 

6 i 

C41P 

4 

4 i 4 i 

4 2 

4 

1 

0 

19 

5 ■ 1 

C41T 

2 

4 ! 4"t 

4 3 

4 

2 

0 

21 

3 ' 1 

C41U 

6 

4 ■ 2 j 

4 : 1 

4 : 2 

0 1 17 

7 i 

C457* 

11 

4 j 4 ! 

4 1 3 

4 

1 

0 j 20 

4 11  Under  Charter  to  MSC  j 

C458 

6 

4 i 0 i 

4 2 

4 

1 

0 1 15 

9 ! 1 

C464* 

5 

4 1 2 ' 

4 ' 3 

4 

1 

0 ' 18 

6 3 Under  Charter  to  MSC 

C466 

10 

4 4 ' 

4 3 

4 

2 

0 ■ 21 

3 

C466 

2 

^ 

4 * 4 ‘ 

6 3 

4 

2 

0 23 

2 Have  160'Lonq  Ton  Boom  Marriage  Capability 

C346 

2 

— 

4 

4 i 

4 2 

2 

1 

4 

21  1 

3 1 

C41Q 

2 

0 0 

NC  1 

4 

2 

4 

NC 

C449 

4 

0 

2 ’ 

NC  3 

4 

2 

3 

NC  : 

1 

C460 

6 

4 

0 

NC  3 

4 

1 

3 

NC  ; 

__ 

C464* 

3 

4 

0 

'4.3 

4 

1 

3 

19  i 

5 1 Under  Charter  to  MSC 

C46S 

5 

0 

2 

4 : 3 

4 

2 

3 

18  i 6 

C46S 

1 

0 

2 

6 3 

4 

2 

3 

20  4 Has  150-Lonq  Ton  Boom  Marriaqe  Capability 

C469 

5 

0 

2 

4 ■ 1 

4 

2 

3 1 

16  8 . 

C537 

13 

4 

0 

4 2 

1 

1 

3 1 

15  i 9 ' 1 

C575 

5 

0 

2 

4 3 

4 ' 2 ! 

4 L 

19  ! 5 i 

WEIGHTING  CODES 

Col. 2 Col.  3 Col.  4 Col.  5 Col . 7 


Code 

Col.l 

(SRP  Lav  Days) 

(Lift  Capacitv)  STon  reouirement 

(Hatch  Site) 

LSpeed) 

Col.  6 

(No.  Slots) 

4 

Ea$t/6u1f  Coast 

1-10 

LCU  '180 

Length  *49’ 

'20 

'120  LTons 

'ToO 

3 

Laid  up 

11-20 

250-ton  crane(1n  3 sections)  '110 

>12' 

19 

» 60  LTons 

>200 

2 



21-30 

LCMP  » 66 

'38' 

18 

' 20  LTons 

'100 

1 

— 

31-60 

2f?-*.’n  crane(1n  10  sect1ons)'6I 

'30' 

17 

* 10  LTons 

' 50 

0 

West  Coast/ 
foreign  service 

Unconmitted 

Topi  1ft  » 52 

< 30’ 

» 16 

• 10  LTons 

No  designated 
slots 

NOTE:  NC  • No  »1qn1f1c«nt  capobllUy.  Vtssels  havinq  this  entry  were  eliminated  from  further  con- 
sideration. Because  of  the  qreater  relative  Importance  to  LOTS  of  this  criterion  an  additloral 
welqhtinq  factor  of  x2  was  used  for  column  4. 
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APPENDIX  B 


COMMENTS  ON  STABILITY  OF  BARGES  AND  SHIPS 


BARGE  STABILITY 

Calculations  of  the  stability  of  rectangular  barges  and  of  ships  are 
helpful  in  discussing  the  uses  of  certain  of  the  LOTS-related  equipment  men- 
tioned in  this  report.  One  section  of  this  appendix  shows  the  assumptions 
made  and  principles  followed  in  performing  the  calculations  on  barges.  Another 
section  shows  a calculation  of  the  stability  of  a DeLong  "B"  barge  with  a 250- 
ton  crane  operating  from  its  deck.  A third  section  discusses  ship  stability, 
with  particular  reference  to  the  use  of  mobile  cranes  on  deck. 

Equilibrium  Conditions 


The  fundamental  process  in  considering  stability  is  to  calculate  two 
moments,  expressed  in  foot  tons.  One  is  the  overturning  moment  caused  by  an 
off-center  load.  The  second  is  the  restoring  moment  that  occurs  as  a conse- 
quence of  the  barge  tipping  from  the  load.  The  two  moments  are  equal  and  oppo- 
site when  there  is  an  equilibrium  situation.  Figures  B.l  and  B.2  show  cross- 
sections  through  a barge  for  two  equilibrium  situations,  one  with  the  barge 
on  an  even  keel  and  the  second  with  the  barge  listing  as  consequence  of  the  load 
shift. 


To  calculate  the  overturning  moment,  the  eccentric  load,  in  long  tons, 
is  simply  multiplied  by  the  distance  it  has  been  moved,  in  feet.  In  the  initial 
explanation,  no  new  load  is  applied;  the  load  on  the  barge  is  simply  shifted 
sideways. 


The  calculation  of  the  restoring  moment  makes  use  of  the  concept  of 
the  metacenter.  This  is  a theoretical  point  which,  for  present  purposes,  is  at 
the  intersection  of  the  barge  centerline  and  a vertical  line  through  the  changed 
center  of  buoyancy,  as  shown  in  Figure  B.3,  (in  which,  like  the  preceding  figure, 
the  angle  of  inclination  is  exaggerated).  The  calculations  considered  here  in- 
volve only  small  angles  of  inclination  (up  to  about  6 degrees)  and  for  this  range 
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Buoyancy  Force  Buoyancy  Force 


Equilibrium 
on  even  keel 


FIGURE  B.l.  BARGE  WITH  NO  LIST.  FIGURE  B.2.  LOAD  SHIFT  HAS  CAUSED  LIST 

Equilibrium  between  upward  force  Equilibrium  between  upward  force  of 

of  buoyancy  and  total  of  barge  buoyancy,  now  displaced  toward  left, 

weight  and  load  weight.  and  the  sum,  shown  dotted,  of  the  barge 

weight  and  load  weight. 


'Waterline  with  Barge  level 
- Waterline  when  barge  it  inclined 


FIGURE  B.3.  CONCEPT  OF  METACENTER. 
Metacentric  Height  is  MG,  distance 
from  metacenter  to  center  of  gravity 
of  barge  plus  its  load. 


the  metacenter  does  not  change  position  appreciably.  The  metacentric  height 
is  the  vertical  distance  from  the  initial  center  of  gravity.  As  can  be  seen 
in  Figure  B.3: 


GM  = KB  + BM  - KG. 


The  vertical  position  above  the  keel  of  the  center  of  buoyancy,  KB,  is  readily 
found  for  rectangular  barges  (it  is  half  the  draft).  The  height  of  the  center 
of  gravity,  KG,  can  be  calculated  (or,  for  uncomplicated  barge  structures,  esti- 
mated). For  rectangular  barges  BM  is  calculated  quite  simply: 


BM 


Beamfi/ 

12  X Draft  ■ 


The  list  angle  for  a barge  with  an  asymmetric  load  is  found  from: 

- Tons  of  Eccentric  Load  x Eccentricity^ 
S ne  of  ng  - gM  x Displacement  of  Loaded  Barge,  in  Tons 

Example  Calculation  (See  Figure  B.4) 


Find  the  resultant  list  angle  if  a load  weighing  50  long  tons  is  moved 
from  the  centerline  of  a causeway  ferry  barge  to  a point  2 ft  to  one  side  of  the 

centerline.  The  ferry  has  a beam  of  21  ft  and  a draft,  with  the  load,  of  2 ft. 

The  estimated  KG  of  the  load  and  barge  together  is  6 ft.  The  loaded  displacement 
is  110  long  tons.  Then: 

KB  = 4 X 2 ft  = 1.0  ft 

BM  = = 18.4  ft 

GM  = KB  + BM  - KG  = 1.0  + 18.4  - 6 = 13.4  ft 

Angle  of  list  = angle  whose  sine  is  (2  ft  x 50  tons)  ^ (13.4  ft  x 110  tons) 

= 3.9° 

Some  Limits  to  Listing 

As  will  be  seen  from  the  expression  for  the  list  angle  given  above, 
any  increase  in  the  applied  moment  results  in  a proportional  increase  in  the 
sine  of  the  list  angle.  But  the  expression  does  not  apply  when  the  list  becomes 


y Derivation: For  any  floating  body  BM  equals  the  moment  of  inertia  of  the  water- 
plane  about  the  centerline,  divided  by  the  immersed  volume.  For  a rectangular 
barge,  the  moment  of  inertia  = Length  x (Beam)®  t 12,  and  the  volume  = Length  x 
beam  x draft.  Note  that  when  the  dividing  is  done,  the  result  is  independent  of 
length.  (The  length,  though,  must  always  be  greater  than  the  beam.) 

2/ 

— Note  that  the  moment  arm  of  the  restoring  force  is  the  distance  from  the  center 
of  gravity  (G  on  Figure  B.3)  to  the  line  joining  the  inclined  center  )f  buoyance 
and  the  metacenter.  Its  numerical  value  is  GM  x the  sine  of  the  inclination 
angle. 
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large  enough  to  put  the  deck  edge  of  the  barge  under  water,  nor  if  part  of  the 
barge  bottom  emerges  from  the  water.  When  either  of  these  happens,  an  increase 
in  applied  moment  is  no  longer  necessarily  met  with  an  increase  in  the  restoring 
moment.  Still  further  increases  in  the  applied  moment  may  result  in  decreased 
restoring  moment  and  capsize. 

Figure  B.4  shows,  to  scale,  the  draft  and  the  list  angle  of  the  example. 
The  load  shown  does  not  appear  to  be  at  all  close  to  capsize. 

Suppose  that  the  example  above  is  changed.  The  load  now  is  to  be 
heavier,  a 6250TC  crane  in  the  tactical  movement  configuration,  weighing  98  long 
tons.  The  total  weight  of  causeway  ferry  and  crane  together  is  then  158  long 
tons,  and  the  corresponding  draft  for  the  combination  is  now  2.9  ft.  The  esti- 
mated KG  of  the  load  and  barge  increases  to  7.2  ft.  Then: 


GM  = KB  + BM  - KG 

^ ^ 12  xVg  ■ 


6.92  ft. 


Note  that  this  metacentric  height  is  quite  drastically  reduced  from  that  of  the 
previous  example.  As  before,  consider  a 2 ft  shift  of  the  weight.  Then  the 
list  angle  equals. 


sin 


-1 


iZ  ft  X 98  tons 
^6.92  ft  X 158 


) or  10.3°. 


The  freeboard  of  the  causeway  ferry  with  such  a load  on  an  even  keel 
would  be  2.1  ft.  The  angle  at  which  the  deck  edge  would  submerge  from  a shifting 
load  has  a sine  of  2.1/21  ft  t 2 or  .20,  and  the  angle  is  11. 5^^. 


Thus,  a shift  of  2 ft  in  the  load  would  result  in  immediate  danger  of  a capsize. 
It  is  concluded  that  the  6250TC  crane  can  be  carried  ashore  onboard  a 21-ft  beam 
causeway  ferry  only  if  there  is  assurance  that  the  load  center  of  gravity  can  be 
securely  positioned  within  about  1 ft  of  the  barge  centerline. 


Stability  of  Delong  "B"  Barge  (See  Figure  B.5) 


r 
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Problem:  Find  the  change  in  list  angle  of  a DeLong  "B"  barge  if  a 

6250TC  crane  on  its  deck  unloads  or  picks  up  a 20-long  ton  container  at  a crane 
radius  of  120  ft.  (This  combination  of  load  and  reach  results  in  the  largest 
moment  for  which  the  crane  is  designed.)  Assume  the  barge  deck  has  been 
strengthened  by  placing  plates  on  the  deck  to  spread  the  load.  The  plates  are 
3/4  inches  thick  and  weigh  13  long  tons.  The  pertinent  weights  and  c.g.  locations 


are: 

Weight, 

Vertical  center  of 

L Tons 

gravity,  above  keel 

i 

Barge 

650 

5 ft 

Plates 

13 

10  ft 

t' 

Crane  w/150  ft  Boom 

163 

15  ft 

i. 

Container 

20 

121  ft 

r 

Total 

846 
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Note  that  the  weight  of  the  container  is  assumed  to  act  at  the  height  of  the 
boom  tip,  since  it  is  a suspended  load  (a  140-ft  boom  length  is  assumed).  The 
barge  dimensions  are  150  ft  long,  10  ft  deep,  and  60  ft  beam. 


Step  # 1,  calculate  average  draft: 

_ 846  L Tons  x 35  cu  ft/ton  _ , o 
■ 60" ft  beam  x”T50  ft  length  ' 

Step  #2,  calculate  vertical  c.g.  (i.e.,  "KG"): 

(650  X 5 ft  + 13  ft  X 10  + 163  x 15  + 20  x 121)/846  = 9.72  ft 


= KG 


Step  #3,  calculate  GM  = KB  + BM  = KG: 

CM  = 3.3  /2  + 12'  '3  “ 9.72  = 82.8  ft  = metacentric  height. 

Step  #4,  find  change  in  angle: 

= sin"^  (120  ft  X 20  tons)/(82.8  ft  x 846  tons)  = 1.96°  change  in  angle. 

Conclusion:  The  amount  the  "B"  Delong  heels,  under  the  largest  moment 

for  which  the  6250TC  crane  is  rated,  is  well  within  the  feasible  operating  limits 
of  the  barge. 


SHIP  STABILITY 


The  concept  of  a righting  moment  dependent  on  metacentric  height,  already 
explained  for  barges,  also  applies  to  ships.  Calculation  of  the  value  of  meta- 
centric height  is  not  discussed  here,  since  for  any  particular  ship  of  concern 
it  is  computed  for  each  loading.  In  general,  typical  values  are  from  one  to  six 
or  eight  feet-  generally  less  than  those  for  barges.  These  smaller  values,  however, 
are  multiplied  ty  considerably  larger  displacements  to  find  the  righting  moments, 
so  that  heel  angles  are  generally  of  the  same  order  as  for  barges. 

Heel  or  List  Angle  for  Crane-on-Deck  Concept 

Calculations  were  made  of  the  greatest  increase  in  heel  angle  that  would 
be  encountered  on  a typical  non-self-sustaining  containership  (the  C6-S-85  hull) 
as  a 58  long  ton  load  (e.g.,  an  LCM8)  changes  from  being  supported  by  the  water 
to  being  supported  by  the  140-ton  crane.  The  heel  is  in  the  neighborhood  of  four 
degrees.  The  calculation  was  Tor  the  ship  in  a full -load  condition  at  the  end  of 
a voyage.  This  is  the  time  when  the  ship  would  unload  the  heavy  equipment.^  It  also 
is  the  time,  according  to  calculations  made  at  the  Maritime  Administration^ when  the 
ship  is  least  "stiff"  as  measured  by  calculated  metacentric  heights.— 

__ 

— Maritime  Administration,  U.  S.  Department  of  Commerce,  Office  of  Ship  Construction, 

Division  of  Ship  Design,  Crane  on  Deck  Study  for  NSRDC.  MARAD  PD-202,  une  1975, 

(The  publication  shows  calculations  of  metacentric  heights  but  not  heel  angles.) 

4/ 

- To  calculate  the  heel  angle,  the  metacentric  height  should  be  adjusted  to  take  into 

account  the  fact  that  the  load  is  suspended.  The  vertical  position  of  the  load  is 

taken  as  the  height  of  the  boom  tip  of  the  crane.  (The  treatment  of  a suspended 
load  is  analagous  to  the  treatment  of  a free-surface  liquid.  Both  load  position 
and  free  surface  move  in  response  to  heel  angle.) 


i 
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The  question  of  what  crane  de-rating  is  necessary  because  of  heel  or 
list  angles  and  because  of  wave  action  is  the  subject  of  a Navy  research  pro- 
ject. Part  of  the  de-rating  is  associated  with  the  capability  of  the  crane  to 
swing  around  a vertical  pivot  when  the  gear  ring  which  actuates  the  swing  is 
not  level.  Another  part  has  to  do  with  the  increased  reach  of  the  crane  that 
occurs  when  the  ship  heels  under  the  crane's  load.  The  following  paragraph  con- 
cerns the  latter  problem  and  presents  an  argument  that  no  de-rating  needs  to  be 
used  for  the  temporary  condition  of  heeling  in  response  to  an  overside  load  in 
calm  water  so  long  as  the  boom  is  well  topped  up,  and  well  under  its  critical 
angle,  during  the  swing  motion. 

Consider  as  an  example  the  C6-S-85  ship,  floating  level.  Assume  that 
a 9125TC  crane  on  the  ship  deck  picks  up  a 58-long -ton  load  from  the  deck  beside 
it,  using  a 60-foot  heavy-lift  boom  tip  with  the  boom  nearly  vertical  and  well 
within  the  limits  shown  on  the  rating  plate  and  Figure  4 (which  was  derived  from 
the  rating  plates).  With  the  boom  angle  unchanged,  rotation  begins,  and  the  load 
is  swung  over  the  side.  The  ship  begins  to  heel.  The  heel  makes  the  boom  a 
little  more  nearly  horizontal,  although  the  boom-lift  cable  has  not  been  let  out 
any  further.  The  loading  presumably  is  closer  to  the  limit  shown  on  the  plate 
than  it  was  before.  The  heel  angle,  though,  has  provided  the  advantage  of  moving 
the  suspended  load  horizontally  a little  further  clear  of  the  ship  side.  The 
boom-lift  cables  are  then  let  out  until  the  boom  is  in  the  most  nearly  horizontal 
position  permitted  for  the  weight  of  the  load.  The  load  itself  is  somewhat  further 
clear  of  the  ship  than  it  would  be  if  no  heel  had  occurred.  In  this  case,  it  is 
assumed,  the  boom  angle,  measured  relative  to  the  vertical,  rather  than  the  boom 
reach,  becomes  the  measure  of  the  lifting  limit.  (When  the  crane  operates  on  the 
level,  either  angle  or  reach  could  be  used  as  the  load-limit  measure.) 

It  is  postulated  that,  with  the  procedure  outlined,  the  standard  rating- 
plate  loads  can  be  used  for  crane-on-deck  operations  in  smooth  water.  In  any 
event,  careful  calculations  of  the  predicted  heel  angle,  and  readjustment  of  the 
metacentric  height  by  shifting  cargo  or  ballasting  may  be  necessary  when  near- 
maximum loads  are  being  tested.  As  a precautionary  measure,  pending  physical 
verification  of  the  procedure  described  above,  the  LOTS  containership  pretest 
(140T  Crane-on-Deck)  proposes  use  of  simultaneous,  opposing  lift  to  minimize  any 
potential  heeling  effect. 
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This  appendix  discusses  certain  of  the  operating  problems  that  should 
be  expected  in  using  a mobile  crane  on  the  deck  of  a containership.  Tentative 
solutions  are  outlined  for  these  problem  areas.  It  is  expected  that  detailed 
planning  will  produce  more  detailed  alternative  solutions.  In  the  discussion 
the  C685  NSS  containership  is  used  as  an  example.  For  using  other  ships,  cal- 
culations of  the  same  type,  plus  detailed  considerations,  must  be  undertaken 
before  a test  operation. 

CHANGES  IN  ANGLE  OF  THE  SHIP  DECK 

At  near-limit  loading  of  the  crane  during  the  equipment  deployment 
phase  of  a LOTS  operation,  changes  in  the  angle  of  the  ship  deck  need  to  be 
taken  into  account.  The  change  in  angle  can  have  three  sources.  One  is  the 
list  angle  caused  by  placing  a load  on  the  crane.  The  effect  on  a lifting  oper- 
ation of  such  a list  may  be  a change  in  the  crane's  rated  capacity,  and  is  dis- 
cussed in  Appendix  B.  A second  source  of  change  in  ship  list  angle  is  the  un- 
loading of  the  ship's  cargo.  The  crane  operator  can  compensate  for  such  a change 
by  leveling  his  crane  using  hydraulic  outriggers.  Alternatively  the  ship  can 
shift  ballast.  A third  possible  cause  for  change  in  angle  is  less  easy  to  allow 
foi — the  rolling  or  pitching  caused  by  waves.  This  can  affect  not  only  the  crane 
tipping  moments  but  in  extremes  could  result  in  out-of-line  stresses  which  the 
crane  may  not  be  designed  to  accept.  Such  moments  and  stresses  are  not  well 
understood.  Studies  of  them  have  been  undertaken,  and  more  are  proposed.  The 
only  recourses,  when  there  is  a need  to  move  heavy  lifts  when  dynamic  roll  angles 
are  possible,  are  to  allow  substantial  safety  margins  in  the  operations,  or  to 
conduct  them  only  in-harbor  or  when  the  waves  are  small  enough  not  to  result  in 
appreciable  ship  motion.  In  the  material  which  follows,  only  static  forces  are 
considered. 
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FORCES  ON  DECK  OF  SHIP  GENERATED  BY  A CRANE  LIFTING  A HEAVY  LOAD 


Figure  C.l  shows  a simplified  version  of  what  happens  when  a crane 
picks  up  so  extreme  a load  that  the  crane  is  almost  ready  to  tip  forward.  The 
overturning  moment  caused  by  the  load  is  shown  being  balanced  by  the  weight  of 
the  crane  acting  downward  at  the  crane  center  of  gravity.  The  ship  deck  resists 
with  an  upward  force  acting  through  the  outriggers.  The  magnitude  of  this  force 
is  equal  to  the  weight  of  the  crane  plus  load.  The  weight  on  the  other  pair  of 
outriggers  is  zero.  Such  a situation  is  not  permissable  in  practice-  the  published 
limits  shown  on  the  load  plate  for  the  crane  are  based  on,  at  most,  85  percent  of 
the  load  when  such  tipping  is  about  to  begin.  This  limit  applies  strictly  to 
certain  boom  angles  intermediate  between  vertical  and  horizontal.  For  example, 
for  a 60-foot  boom  these  angles  are  between  approximately  75°  and  31°,  measured 
from  deck  level.  For  near-vertical  or  near-horizontal  boom  positions,  the  load 
limits  are  less  and  are  associated  not  with  crane  tipping,  but  rather  with 
strength-of-material  limits.  The  result,  for  present  purposes,  is  that  the 
maximum  load  on  the  outriggers  nearest  the  load  is,  at  most,  85  percent  of  the 
combined  weight  of  the  crane  and  the  load. 

Figure  C.2  shows  schematic  top  views  of  the  way  this  load  is  distri- 
buted for  the  140- ton  capacity  P&H  9125  Crane.  When  the  crane  boom  is  over  the 
carrier  centerline  (the  top  part  of  the  figure),  the  load  transmitted  to  the  ship 
deck  is  divided  equally  by  the  two  outriggers.  When  the  crane  boom  swings 
approximately  50°  until  its  centerline  is  over  the  outrigger  (bottom  part  of 
figure),  very  nearly  the  whole  force  is  concentrated  on  one  outrigger  instead  of 
being  shared  between  two.  The  deck  strength,  then,  must  be  able  to  resist  as  much 
as  85  percent  of  the  whole  weight  of  the  crane  and  its  load,  concentrated  on  the 
single  outrigger.  For  the  P&H  9125  TC  Crane  lifting  an  LCM8,  the  heaviest  load 
considered  in  this  study,  this  maximum  amounts  to  251,000  pounds  on  one  rear  out- 
rigger. 

STRENGTH  OF  EDGE  OF  DECK  FOR  HEAVY  LIFTS  OVER  THE  SHIP  SIDE 


Modern  self-sustaining  containerships  are  so  designed  that  they  are  able 
to  take  concentrated  loads  of  this  magnitude  when  they  are  applied  near  the  deck 
edge  (which  is  where  the  strength  is  needed  for  the  near-limit  lifts  under  dis- 
cussion). Figure  C.3  shows  a section  through  the  box  beam  at  the  deck  edge  of  a 
C6-S-85a  containership,  considered  typical  of  U.  S.  non-self-sustaining  container- 
ships. 

Rough  calculations  of  the  strength  were  made,  verifying  that  the  structure 
could  carry  considerably  more  than  the  load  from  the  crane  outrigger.  The  calcula- 
tions assumed  that  the  load  was  concentrated  at  a fore-and-aft  point  halfway  between 
the  bulkheads  forming  the  cargo  holds,  and  that  the  structure  spanning  this  50- 
foot  distance  acted  as  a simple  beam  in  transmitting  the  load  to  the  bulkheads.  To 
make  the  calculations,  it  was  assumed  that  the  box  beam  structure  was  separated 
from  the  rest  by  hypothetical  cuts  made  at  the  fore  and  aft  ends  of  the  50-foot 
span  and  along  the  side  of  the  ship  at  the  outside  lower  corner  of  the  box.  The 
box  thus  separated  has  two  horizontal  elements.  These  are  the  9'9"  wide  section 
of  plating  forming  the  weather  deck  and  the  parallel  lower  section  that  provides 
the  bottom  of  the  box.  The  two  vertical  elements  are  a 9'  section  of  the  ship's 
side  and  the  parallel  inboard  plating  located  under  the  hatch  coaming.  For 
simplicity  the  tees  and  channels  shown  in  Figure  C.3  were  left  out,  as  was  the 
section  of  coaming.  Even  with  the  parts  not  considered  and  with  the  arbitrary 
separation  (the  tie-ins  of  structure  that  are  actually  acting  would  in  fact  greatly 


FIGURE  C 1 SCHEMATIC  OF  OVERTURNING  MOMENT  AND  THE  MOMENT  RESISTING 
OVERTURNING  - CRANE  BOOM  PARALLEL  TO  CARRIER  CENTERLINE 


TOP 

VIEW 


FIGURE  C.2.  SCHEMATIC  TOP  VIEW  OF  CRANE  WITH  HEAVY  LOAD. 

(Showing:  a)  major  load  shared  between  two  outriggers  when  crane  swung 

aft;b)  major  load  concentrated  on  single  outrigger  when  upper  is  swung  so  boom 

is  over  outriggers.) 
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FIGURE  C.3.  SECTION  AT  DECK  EDGE  OF  C685  NSS  CONTAINERSHIP 

(Shows  box  section  acting  as  ships  longitudinal  strength  member. 
Considered  typical  of  current  U.  S.  containership  designs.) 
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increase  the  strength)  the  calculated  strength  of  the  box  in  bending  in  an  order 
of  magnitude  greater  than  needed  to  carry  the  load  of  the  outrigger  pad  when  the 
crane  is  lifting  the  LCM8.^' 

STRENGTH  OF  HATCH  COVERS  AND  HATCH  BRIDGING  REQUIRED 


As  has  already  been  seen,  for  modern  NSS  containerships  the  space 
between  the  hatch  coamings  and  the  outer  edge  of  the  deck  is  relatively  narrow. 

For  example,  in  Figure  C.3,  the  distance  is  9'9"  for  the  C6-S-85a  design.  Since 
the  140- ton  crane  is  longer  and  wider  than  this,  even  without  outriggers,  it 
must  operate  at  least  partly  over  hatch  openings,  using  hatch  covers  or  other 
bridging.  (Means  for  making  the  operating  surface  nearly  level  are  discussed 
in  a later  section.)  For  lifting  heavy  equipment,  the  crane's  rear  outriggers 
would  be  supported  by  the  strength  members  of  the  ship  near  the  deck  edge,  as 
already  discussed.  The  outriggers  inboard,  at  the  crane  front,  would  have  to 
be  supported  by  beams  on  top  of  the  hatch  covers,  discussed  below.  For  lifting 
containers,  the  crane  might  well  be  amidships,  and  positioned  over  the  hatches 
entirely,  since  it  could  then  more  conveniently  reach  into  hatches  at  the  two 
sides  of  the  ship,  and  since  the  need  for  limiting  the  crane  reach  may  be  less 
pressing  than  it  is  for  the  heavier  lifts  of  LOTS  equipment.  For  either  the  heavy 
lift  operations  or  container  operations,  then,  the  support  of  the  crane  over  the 
hatch  openings  has  to  be  considered.  The  problem  of  the  hatch  cover  strength 
needed  during  the  moving  of  the  crane  over  the  hatches  involves  less  weight.  It 
is  discussed  first. 


The  American  Bureau  of  Shipping  rules  include  a requirement  that  steel 
hatch  covers  be  capable  of  withstanding  a uniform  loading  of  358  lbs  per  square 
foot.  A 20'  X 35'  hatch  cover,  with  its  700  sq  ft,  then,  could  be  expected  to 
carry  a uniformly  spread  total  load  of  250,000  lbs,  or  112  long  tons.  The  P&H 
9125  TC  Crane  with  a 120-ft  boom  and  the  62,000-lb  counterweight,  a configuration 
suitable  for  handling  containers,  weighs  approximately  89  long  tons.  Thus,  if 
the  load  were  in  fact  evenly  distributed,  the  hatch  cover  would  be  more  than 
sufficiently  strong  to  handle  the  weight  of  the  crane  alone.  But  the  crane  exerts 
concentrated  loads,  either  in  moving  from  location  to  location  aboard  ship  across 
the  hatches  or  in  operating  over  hatches.  Thus,  the  loads  and  required  strengths 
must  be  investigated. 

Two  aspects  of  the  hatch  cover  strength  are  discussed  here:  the  resist- 

ance to  a bending  load,  which  needs  to  be  greatest  when  the  load  is  at  the  center 
of  the  hatch  span;  and  the  resistance  to  shearing  of  a hatch  beam  web,  which  needs 
to  be  greatest  when  the  load  is  just  inside  the  coaming. 

Loads  During  Moving  of  Crane 

During  movement,  the  crane  weight  is  transmitted  downward  through  12  tires 
and  is  thus  not  so  concentrated  as  it  can  be  through  the  outrigger  plates  during 
lifting  operations.  For  present  calculations  the  weight  is  considered  to  be  concen- 
trated at  four  points,  two  on  each  side,  an  assumption  on  the  safe  side.  At  the 


-'^The  concentrated  load  of  251  Kips  with  a 50-ft  span  results  in  a bending  moment 
Of  37.6  X 10®in.-lbs.  This,  in  turn, requires  a section  modulus  of  2091  in’  to 
Support  the  load.  The  calculated  section  modulus  is  over  ten  times  this  value. 
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front  the  concentration  is  assumed  to  be  halfway  between  the  two  front  axles, 
and  at  the  rear  halfway  between  the  two  rear  axles  (see  four  filled-in  dots  in 
Figure  C.4).  With  the  crane  counterweight  swivelled  toward  the  rear,  a large 
proportion  of  the  load  is  on  the  eight  rear  tires.  By  analogy  with  the  weight 
proportions  for  road  travel  found  in  the  P&H  literature,  84  percent  of  the  weight 
of  the  crane  is  assumed  to  be  on  the  rear.  This  is  75  long  tons.  With  5 tons 
added  for  moving  hatch  bridges  (discussed  later),  80  tons  is  the  controlling 
weight  considered  here. 

The  wheelbase  of  the  crane  is  19 '2",  so  the  worst  bending  moment  on 
the  hatch  cover  occurs  with  the  crane  centerline  parallel  to  the  ship  centerline 
and  the  80  long  tons  at  the  athwartship  centerline  of  the  hatch  cover.  The  front 
axles  are  off  the  hatch  and  do  not  contribute  to  the  bending.  The  beams  in  the 
hatch  cover  that  resist  this  bending  are  on  approximately  8'9"  centers,  and  the 
side-to-side  center  distance  for  the  rear  tires  is  8'4",  so  that  two  hatch  cover 
beams  can  be  considered  to  share  the  rear  axles  load  and  carry  40  long  tons  each. 

The  resulting  bending  moment  on  each  hatch  beam  is  5.37  x 10® in. -lbs.  The  corre- 
sponding section  modulus  required  to  resist  this  bending  is  300  in’.  The 
actual  section  modulus  for  the  C6-S-85a  hatch  beams  is  less  than  half  of  this 
value,  so  bridging  beams  must  be  used  for  moving  the  crane  across  the  hatches. 

Hatch  Bridging 

Bridging  for  permitting  mobile  cranes  to  move  along  the  decks  of  merchant 
ships  and  lift  containers  is  being  studied  in  detail  in  Navy-sponsored  projects. 

The  results  of  these  studies  are  not  yet  available.  The  discussion  that  follows 
outlines  certain  of  the  problem  areas  and  shows  possible  solutions  that  may  be 
treated  in  the  Navy  studies.  In  addition,  it  addresses  heavy  lift  problems  and 
maneuvering  to  place  the  crane  athwartships  for  heavy  lifts,  aspects  that  are 
thought  to  be  outside  the  present  scope  of  Navy  tasking. 

Timber  bridging  to  support  the  crane  was  investigated.  The  deflection 
of  timber  beams  is  very  large  compared  to  steel  beams  of  the  same  rated  strength. 
Thus,  the  calculated  deflection  for  two  12  x 12  timbers  bolted  together  (selected 
as  having  more  than  the  required  section  modulus  of  300  in’)  is  Sh"  in  a 20-ft  span 
under  a 40-ton  load.  This  is  judged  not  acceptable.  However,  if  the  bridging  was 
assembled  instead  from  three  18-in.  square  sections  (see  Figure  C.5),  the  deflection 
would  be  reduced  to  just  over  H inch.  Each  such  section  22  ft  long  would  weigh 
just  under  5000  lbs.  In  use,  the  sections  would  have  to  be  supported  with  the  ends 
elevated  above  the  hatch  cover  tops  to  allow  the  beam  to  deflect  without  touching 
the  hatch  top.  Otherwise,  the  load  would  be  shared  by  the  hatch  cover  to  an  extent 
difficult  to  ascertain. 

Another  possible  form  of  bridging  would  be  use  of  specially  fabricated 
built-up  steel  plates  such  as  the  one  also  sketched  in  Figure  C.5.  The  plate  shown 
was  made  especially  wide  in  order  to  cut  down  the  number  of  plates  to  be  moved 
during  crane  maneuvering,  which  is  discussed  in  a later  paragraph. 

Shear  Stresses  in  Hatch-Cover-Beam  Webs 


Figure  C.6  sketches  a typical  cover  beam  of  the  C685  ships.  There  are 
three  such  beams  in  each  hatch  cover,  not  counting  the  hatch  cover  ends.  The  cover 
framework  shown  is  for  double  hatches.  One  end  is  supported  by  the  hatch  coaming, 
the  other  by  a special  ship  structure  that  can  be  removed  to  accommodate  40-ft  con- 
tainers. Thus,  the  hatch  beam  terminates  at  one  end  (the  left  end  in  the  figure) in 
a configuration  that  lies  on  top  of  the  hatch  coaming.  At  the  other  end,  the  hatch 
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FIGURE  C.4.  TIRE  CONFIGURATION  AND  ASSUMED  LOCATION  OF  LOAD 
CONCENTRATION  AREAS  (•'s)  USED  IN  PRELIMINARY  HATCH-BRIDGE 
CALCULATIONS,  P&H  9125TC  CRANE 
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TEN  8"  WIDE  FLANGE 
BEAMS  WELDED  TO  7/8" 
PLATE 


THREE  18" 
SQUARE  TIMBERS 


FIGURE  C.5.  ALTERNATIVE  HATCH  BRIDGING  BEAMS  FOR  CRANE  TRAVEL 
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beam  ends  in  a 35-ft  long  cross  structure  in  the  form  of  a box  that,  in  turn, 
is  supported  by  the  special  removable  ship  structure.  (The  strength  of  this 
box  member  and  its  support  was  assumed  adequate  for  the  loads  being  discussed. 
No  calculations  were  made.) 


A question  addressed  was  this:  Is  the  shear  strength  of  the  beam  in 

the  hatch  cover  great  enough  so  that  the  bridging  plates  can  simply  be  laid 
on  top  of  the  hatches,  or  must  each  bridging  plate  be  supplied  with  steel  or 
timber  "abutments"  at  each  end  to  transmit  the  load  down  to  the  deck  and  thence 
to  the  ship  structure  directly,  instead  of  through  the  hatch  cover  beams?  The 
answer  to  the  question  is  that  the  web  strength  in  shear  is  in  fact  marginal, 
particularly  at  the  beam  end  supported  on  the  coaming.—  Abutment  timbers  are 
required. 


Operating  the  Crane  Near  the  Ship  Centerline 
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To  use  the  crane  over  the  hatch  tops  for  lifting  containers,  more  stress 
has  to  be  allowed  for  than  in  simply  moving  the  crane.  Stronger  bridges  must  be 
used  under  the  outriggers.  The  maximum  load  is  85%  of  the  sum  of  the  weight  of 
the  crane  and  the  container.  This  is  a concentrated  load  of  93  long  tons,  almost 
three  times  the  wheel  load  allowed  for  above.  First  cuts  at  timber  and  built-up 
steel  beam  designs  that  would  be  suitable  are  shown  as  Figure  C.7.  Either  would 
weigh  about  5 tons.  (The  sketches  in  Figures  C.5  and  C.7  show  beams  that  would 
support  the  bending  load  with  no  assistance  from  the  hatch  cover  beams.  Further 
investigation  of  the  shear  loads  on  the  box-beam  ends  of  the  hatch  beams  would 
be  necessary.) 


MANEUVERING  CRANE  ON  DECK 


Hatch  Coaming  Height  Above  Deck 

To  move  the  mobile  crane  from  one  position  to  another  on  the  ship  deck, 
it  will  be  necessary  not  only  to  bridge  the  hatches,  as  already  discussed,  but 
also  to  provide  a raised  platform  for  those  parts  of  the  weather  deck  where  there 
is  no  hatch.  American  Bureau  of  Shipping  rules  specify  that  coamings  generally 
be  at  least  17.5"  high  (with  exceptions  for  hatches  with  steel  covers  made  tight 
by  means  of  gaskets  and  clamping  devices).  The  C685  design  of  non-self-sustaining 
containership  has  hatch  coamings  30"  high.  The  fore  and  aft  space  between  hatch 
covers  is  approximately  50"  on  this  design.  Thus,  for  fore  and  aft  movement  of  the 
mobile  crane  some  means  of  filling  in  this  space  must  be  provided.  Timber  balks 
such  as  were  used  for  the  same  purpose  in  the  OSDOC  II  exercise  appear  suitable. 

They  would  also  serve  to  transfer  the  crane  weight  from  the  ends  of  the  hatch-span- 
ning beams  to  the  deck  of  the  ship  (i.e.,  serve  as  abutments). 



-The  customary  allowable  shear  stress  is  12000  lbs  per  square  inch.  The  web  at 
the  small  end  is  h"  thick  and  10.16"  vertically,  and  thus  is  50.8  sq  ins  in  area. 
The  rear  wheel  loading,  if  considered  concentrated,  is  37.5  long  tons,  or  84000 
lbs.  Thus,  the  shear  stress  would  be  84,000  + 5.08  or  over  16,500  psi  instead  of 
the  allowable  12,000  psi.  The  load  is  not  in  fact  so  concentrated,  and  the  stress 
may  be  spread  somewhat  to  other  hatch  beams  in  a manner  not  determinable  by  the 
elementary  calculations  considered  here.  At  the  box  beam  end  the  web  has  a greater 
sectional  area  and  the  web  shear  is  below  the  allowable  12,000  psi. 
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FOUR  12"  HIGH 
WIDE  FLANGE 
BEAMS  WELDED 
TO  12" PLATE 


(WEIGHTS  OF 
BEAM  SECTIONS 
161  POUNDS  PER 
FOOT). 


THREE  24' 
SQUARE  TIMBERS 


FIGURE  C.7.  BEAMS  SUITABLE  FOR  SUPPORTING  CRANE 
OUTRIGGER  PADS 


At  the  deck  edge  also  balks  could  be  used.  For  crane  operations  the 
timber  under  the  outriggers  could  be  spanned  by  the  built-up  beams  already  des- 
cribed for  bridging  hatches,  one  at  the  deck  edge  for  the  rear  outriggers,  and 
one  across  the  hatch  for  the  forward  outriggers 

The  crane  itself  can  be  used  to  move  the  timbers.  To  keep  from  having 
a large  number  of  small  crane  lifts,  the  timbers  can  be  fastened  together  in 
convenient  bundles. 

Turning  Crane  on  Deck 

Between  the  deployment  phase  of  a LOTS  operation  and  the  container  un- 
loading phase,  a mobile  crane  on  a containership  would  have  to  move  and  turn. 

For  the  heavy  lifts,  the  crane  carrier  would  be  athwartships , while  for  container 
operations  a position  near  the  ship  centerline,  and  parallel  to  it,  would  be  most 
convenient.  One  way  of  accomplishing  the  repositioning  aboard  the  C685  design 
ship  is  indicated  in  Figure  C.8.  It  is  a plan  view  of  part  of  the  deck,  and  shows 
the  use  of  the  built-up  steel  bridging  plates,  each  22'  long  x 15*  wide. 

The  number  of  plates  required  is  at  least  six.  Initially  the  crane  is 
supported  by  two,  labelled  1 and  2 in  the  sketch.  Four  more  are  required  so  as 
to  be  in  place  for  the  crane  to  move  onto.  (These  are  plate  locations  3,  4,  5 
and  6.  When  the  crane  has  moved  on  to  3,  4,  5 and  6,  the  plates  in  positions 
1 and  2 can  be  repositioned  to  lA  and  2A,  and  •'■he  crane  moved  again.  At  the  point 
where  the  crane  reverses,  the  front  wheels  are  on  lA  and  2A,  and  the  rear  wheels 
on  4,  5,  and  6.  After  the  reversal,  the  plate  in  location  2A  is  moved  to  2B. 

Other  ways  of  providing  bridging  for  the  maneuver  could  be  considered. 

One  would  be  longer  bridging  beams  that  are  placed  at  appropriate  angles  and  would 
thus  presumable  save  material  by  more  closely  fitting  the  desired  path  of  the  crane. 

A difficulty  with  this  approach  is  that  longer  spans  require  heavier  material.  A 
span  that  crosses  the  hatch  at  a 45°  angle,  for  example,  would  have  to  span  not  20' 
but  28',  and  be  correspondingly  heavier  in  section.  The  bending  moment  for  a 
specified  load  (and  hence  the  needed  section  modulus)  increases  directly  with  the 
span.  Between  the  extra  weight  per  foot  because  of  the  increased  modulus  needed, 
and  the  extra  length,  each  28'  beam  would  weigh  twice  as  much  as  the  20'  one. 

Deflections  increase  with  the  cube  of  the  span.  For  steel  the  deflection 
of  a beefed-up  bridging  beam  would  presumably  be  acceptable.  For  wood  the  increased 
thickness  required  to  keep  deflection  within  reason  may  well  make  its  use  impractical. 
(Note  too  that  timbers  of  lengths  over  25'  could  be  hard  to  procure.) 

Another  alternative  would  be  to  use  specially  strengthened  hatch  covers, 
including  extra  plating  on  top  of  the  covers  so  as  to  increase  the  thickness  above 
the  present  9/32"  used  in  the  C685  design. 


EDGt  OF  DCCK 


FIGURE  C.8.  TOP  VIEW  OF  PORTION  OF  C685  DECK 

(Shows  use  of  successive  positions  of  plates  bridging  the  hatches 
as  crane  is  maneuvered  between  athwartship  and  near-centerline 
position. ) 
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STANDARD  PORT  SYSTEM  (SPS) 
(LOTS  APPLICATION) 
PRETEST 
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